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G.5 ACCIDENT  CONSEQUENCE 
ASSESSMENT

This section provides the detailed description
and analysis results for each of the accident
scenarios for which impact quantification is
performed.  Table G.5–1 provides a summary of
the consequences to the public from risk-
significant accidents at LANL.  The annual
frequency at which these consequences occur
(that is, their probability of occurrence in any
year), can be put into a common perspective by
reference to Table G.1–2.  When the term
“societal risk” is encountered, recall that the
product of consequence and probability is called
societal risk in the SWEIS.  It permits the ready
comparison of accidents and alternatives
without the burden of the details found in this
section.  

G.5.1 Note on Worker 
Consequences

Table G.5.1–1 provides a similar summary for
consequences to workers in the facilities at
which the accidents originate.  The
consequences are characterized rather than
quantified.  In most cases, it is possible to
estimate the number or range in number of
people that may be present as determined from
experience, the size of the task, or
administrative limits.  However, it is not
generally possible to quantify the number of
injuries and fatalities this close to the source
because:  (1) the details of the contaminant
distribution, fires, projectiles, and explosive
forces close to the accident point are not known
and are not predictable; (2) the numbers and
locations of workers change frequently; and
(3) worker response, which has a large effect in
increasing or decreasing consequences, is not
predictable.

G.5.2 Note on Soil Contamination

There is also soil contamination that resu
from deposition of plumes from radiologica
releases.  When provided by the model, t
predicted mean soil contamination levels a
given in tables at the end of the descriptions
those radiological accidents that release mo
than a small amount of uranium or plutonium
(There is negligible deposition of tritium on
soil.)  The deposited material may subsequen
become airborne by wind or other disturbance
The resulting potential for exposures throug
inhalation is small compared to the initia
plume; nevertheless, the dose from such 
calculated in the modeling and is included in th
exposures in Table G.5–1.

Over the long term, the soil contamination h
potential for further exposure through inhalatio
of air and ingestion of food products.  Th
federal government, under the Feder
Radiological Emergency Response Pla
(61 Federal Register [FR] 20944), responds to
radiological emergency and provides resourc
to assist in the evaluation and mitigation 
potential long-term exposure pathways 
humans.  Specifically, EPA will assum
responsibility from DOE for long-term
monitoring and remediation, assist in th
preparation of area restoration plans, a
recommend cleanup criteria.  The U.S
Department of Agriculture (USDA) will inspec
meat and meat products, poultry and poult
products, and egg products to ensure they 
safe for human consumption.  In addition, th
USDA in conjunction with the U.S. Departmen
of Health and Human Services (HHS) will assi
in monitoring the production, processing
storage, and distribution of food through th
wholesale level to eliminate or reduc
contamination to a safe level.  HHS will assi
with the assessment, preservation, a
protection of human health, and will assist sta
and local governments in making evacuatio
and relocation decisions.
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TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa

SCENARIO DESCRIPTION
BASELINE 

LIKELIHOOD b
BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

SITE–01 Moderate earthquake. 
on the Pajarito Fault or a 
large earthquake in the 
Rio Grande Rift zone, 
resulting in structural 
damage and/or severe 

internal damage to 
comparatively low-
capacity facilities.

Approximately
2.9 x 10-3 per year

(i.e., one such 
event in 

approximately 
350 years).

Mean population dose approximately 
27,726 person-rem, resulting in 

approximately 16 excess LCFs; MEI 
dose 20 rem; several tens of people 

exposed at or above ERPG–2 or 
ERPG–3 levels at distances to a 

substantial fraction of 1 mile from 
multiple sources.

NOA—baseline.

No difference among 
alternatives; the MAR 

and accident conditions 
are unaffected by the 

alternatives.

SITE–02 Large earthquake on the 
Pajarito Fault, resulting 

in structural damage 
and/or severe internal 
damage to low- and 
moderate-capacity 

facilities.

Approximately
4.4 x 10-4 per year 

(i.e., one such 
event in 

approximately 
2,300 years).

Mean population dose approximately 
41,340 person-rem, resulting in  
approximately 24 excess LCFs;  

MEI dose 34 rem;   approximately 
100 people exposed above ERPG–2 
or ERPG–3 levels to a distance of 

about 1 mile from multiple sources.

NOA—baseline.

No difference among 
alternatives: the  MAR 
and accident conditions 
are unaffected by the 

alternatives.

SITE–03 Very large earthquake 
on the Pajarito Fault and 

perhaps the Embudo 
Fault, resulting in 

structural damage to 
essentially all facilities.

Approximately
7.1 x 10-5 per year 

(i.e., one such 
event in 

approximately 
14,000 years).

Mean population dose approximately 
210,758 person-rem, resulting in  
approximately 134 excess LCFs; 

MEI dose 247 rem; approximately 
100 people exposed above ERPG–2 
or ERPG–3 levels to a distance of 

about 1 mile from the sources.

NOA—baseline.

No difference among 
alternatives; the MAR 

and accident conditions 
are unaffected by the 

alternatives.

SITE–03, 
Surface 
Rupture

Very large earthquake 
on the Pajarito Fault, 
resulting in structural 

damage to essentially all 
facilities with surface 
rupture possible on 
subsidiary faults.

Approximately 
1 to 3 x 10-5 per 

year (i.e., one such 
event in 95,000 to 

32,000 years).

Mean population dose approximately 
344,581 person-rem, resulting in 
approximately 233 excess LCFs; 

MEI dose < 380 rem; approximately 
100 people exposed above ERPG–2 
or ERPG–3 levels to a distance of 

about 1 mile from multiple sources.

NOA—baseline.

No difference among 
alternatives; the MAR 

and accident conditions 
are unaffected by the 

alternatives.

SITE–04 Site-wide wildfire 
consuming combustible 

structures and 
vegetation.

Approximately 0.1 
per year 

(i.e., one every 10 
years).

Mean population dose approximately 
675 person-rem, resulting in 

approximately 0.34 excess LCFs; 
MEI dose < 25 rem; potential for 
limited exposure to chemicals.

NOA—baseline.

No difference among 
alternatives; the MAR 

and accident conditions 
are unaffected by the 

alternatives.

CHEM–01 Large leak chlorine 
release (69 to 75 lb) 
from potable water 

treatment station due to 
human error during 

cylinder changeout or 
maintenance, or due to 

random hardware 
failures.

Approximately
1.2 x 10-3 per year 

(i.e., one such 
event in 

approximately 
800 years).

For the risk-dominant large leak 
scenario, an average of 

approximately 43 people exposed 
above ERPG–2 levels, and 

approximately 12 people exposed 
above ERPG–3 levels to distances of 

up to a few tenths of 1 mile.

NOA—baseline.

EXP—approximately 5% 
more likely.

RED—approximately 5% 
less  likely.

GRN—same as baseline; 
no change in severity.
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SCENARIO DESCRIPTION
BASELINE 

LIKELIHOOD b
BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

CHEM–02 Multiple cylinder 
release (1,500 lb) from 

toxic release gas storage 
shed at Gas Plant due to 

fire or aircraft crash.

Approximately 
1.3 x 10-4 per year 

(i.e., one in 
approximately 
8,000 years).

Average of 292 people within LANL 
(ranging from none to 1,000 

depending upon wind direction) 
exposed at or above ERPG–2 or 

ERPG–3 levels; town protected by 
canyon from highest concentrations.

NOA—baseline.

EXP—approximately 
14% more likely.

RED—approximately 5% 
less likely.

GRN—same as baseline; 
no change in severity.

CHEM–03 Chlorine release (68 to 
75 lb) from toxic gas 
storage shed at Gas 
Plant due to random 

failure or human errors 
during cylinder 

handling.

Approximately 
1.2 x 10-4 per year 

(i.e., one in 
approximately 
8,000 years).

An average of  approximately 263 
people exposed above ERPG–2 

levels or 239 above ERPG–3 levels 
at distances to a fraction of 1 mile, 

all within LANL; town protected by 
canyon from highest concentrations.

NOA—baseline.

No difference among 
alternatives; the MAR 

and accident conditions 
are unaffected by the 

alternatives.

CHEM–04 Bounding single 
container release of 
toxic gas (selenium 
hexafluoride) from 

waste cylinder storage.

Approximately 
4.1 x 10-3 per year 

(i.e., one in 
approximately 250 

years).

Average number of off-site people 
exposed above ERPG–2 level is 

zero; toxic effects generally limited 
to the source’s technical area 

(TA–54).

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

CHEM–05 Bounding multiple 
cylinder release of toxic 

gas (sulfur dioxide) 
from waste cylinder 

storage.

Approximately 
5.1 x 10-4 per year 
(i.e., one event in 

approximately 
2,000 years).

Under conservative daytime 
conditions, no one outside the source 
area (TA–54) would see levels above 

ERPG–2.  Under least favorable 
conditions, 13 people could be 

exposed above ERPG–3 levels and 
59 above ERPG–2 levels.

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

CHEM–06 Chlorine gas release 
outside Plutonium 

Facility.

Approximately 
6.3 x 10-2 per year 
(i.e., one event in 

approximately 
16 years).

Average number of people exposed 
at or above ERPG–2 doses is 
approximately 102, and above 

ERPG–3, approximately 7 at ranges 
to a fraction of 1 mile.

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

RAD–01e Plutonium release from 
RANT Facility 

transuranic waste 
container storage area 

fire.

Approximately 
1.6 x 10-3 per year 
(i.e., one event in 

approximately 
600 years).

Mean population dose approximately 
72 person-rem, resulting in 

approximately 0.04 excess LCF; 
MEI dose at nearest public access 

(on Pajarito Road) approximately 46 
rem; at most exposed residence 

approximately 4 rem.

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

RAD–02 Plutonium release from 
the CMR Building due 
to natural gas pipe-line 

break, gas ingestion into 
facility, and subsequent 

explosion and fire.

Negligible 
likelihood, < 10-6 

per year or > 
1,000,000 years 

between 
occurrences.

Mean population dose approximately 
120,000 person-rem, resulting in 

approximately 57 excess LCFs; MEI 
dose at nearest public access 

(Diamond Road) approximately 
4000 rem; at nearest residence 

approximately 170 rem.

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa-Continued
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SCENARIO DESCRIPTION
BASELINE 

LIKELIHOOD b
BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

RAD–03 Highly enriched 
uranium release from 

power excursion 
accident with Godiva-
IV outside Kiva #3.

Approximately 
3.4 x 10-6 per year 
(i.e., one event in 
300,000 years).

Mean population dose approximately 
110 person-rem, resulting in 

approximately 0.06 excess LCF; 
MEI dose at nearest public access 

(Pajarito Road) approximately 
150 rem; at nearest habitation 

approximately 0.5 rem.

NOA—baseline.

EXP—approximately 
25% more likely.

RED and GRN—no 
change in likelihood.

No change in severity 
among the alternatives.

RAD–04f Inadvertent detonation 
of plutonium-containing 

assembly at DARHT 
firing point.

Negligible 
likelihood, < 10-6 

per year or > 
1,000,000 years 

between 
occurrences.

Mean population dose approximately 
9,000 person-rem, resulting in 

approximately 5 excess LCFs; MEI 
dose for nearest public access (State 

Route 4) approximately 76 rem.  

NOA—baseline.

No change in likelihood 
or severity among the 

alternatives.

RAD–05 Tritium oxide release 
due to aircraft crash at 

TSFF.

5.3 x 10-6 per year 
(i.e., one accident 
in 190,000 years).

Mean population dose approximately 
24 person-rem; 0.012 excess LCF or 

negligible chance of excess LCF.  
MEI approximately 0.01 rem.g

NOA—baseline.

The same for all 
alternatives, except with 

RED, the tritium 
available for release is 
reduced by 25% in one 
but not both buildings.

RAD–06 Plutonium release due to 
aircraft crash at 

RAMROD.

Negligible 
likelihood, < 10-6 

per year or > 
1,000,000 years 

between 
occurrences.

Mean population dose approximately 
7,900 person-rem, resulting in 
approximately 4 excess LCFs.

NOA—baseline.

No change among 
alternatives.

RAD–07 Plutonium release from 
WCRRF transuranic 

waste container storage 
area fire.

1.5 x 10-4 per year 
(i.e., one in 

7,000 years).

Mean population dose approximately 
1,300 person-rem, resulting in 

approximately 0.7 excess LCF; MEI 
dose at closest public access 

(Pajarito Road) approximately 
74 rem; at closest habitation 

approximately 4 rem.

NOA—baseline.

EXP—likelihood doubles 
due to higher waste 

throughput. 

RED—likelihood reduced 
by 25%.

GRN—same as baseline; 
no change in severity.

RAD–08 Plutonium release from 
TWISP transuranic 

waste storage domes 
due to aircraft crash and 

fire.

4.3 x 10-6 per year 
(i.e., one event in 

approximately 
200,000 years). 

Mean population dose approximately 
400 person-rem, resulting in 

approximately 0.2 excess LCF; MEI 
dose at nearest public access 

(Pajarito Road and nearest border 
with White Rock) 22 rem.

NOA—baseline.

No effect of alternatives 
on crash likelihood or 

maximum waste loading 
assumed in the analysis.

TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa-Continued
G–78



Accident Analysis
SCENARIO DESCRIPTION
BASELINE 

LIKELIHOOD b
BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

RAD–09 Plutonium release due to 
transuranic waste drum 
failure or puncture (for 
high and typical activity 

in drum).

4.1 x 10-3 per year 
(i.e., one in 

approximately 
250 years for high-

activity drum); 
0.4 per year (i.e., 
1 in 2.5 years for 
typical-activity 

drum).

Mean population dose (high-activity 
drum) approximately 230 person-

rem, 0.12 excess LCF.  Mean 
population dose (typical-activity 
drum) approximately 4.3 person-
rem, with 0.0022 excess LCF or 

negligible risk.  MEI dose of 
0.41 rem.

NOA—baseline.

Number of drum 
operations, and thus 

likelihood, up 20% for 
EXP; down 5% for RED.  

GRN—same as baseline.

RAD–10 Plutonium release from 
degraded storage 

container at plutonium 
facility.

< 10-6 per year; 
negligible 

likelihood of 
external release 
(i.e., < 10-6 per 

year).

For the incredible accident, mean 
population dose approximately 

560 person-rem, with 0.28 excess 
LCF.  MEI dose of approximately 44 

rem at Pajarito Road boundary.

NOA—baseline.

Alternatives do not alter 
the likelihood or severity 

of these accidents 
associated with the 

repackaging of stored 
plutonium.

RAD–11f Container breach after 
detonation of 

plutonium-containing 
assembly at DARHT 

firing point.

Negligible 
likelihood, < 10-6 

per year or > 
1,000,000 years 

between 
occurrences.

Mean  population dose 
approximately 210 person-rem, 

resulting in < 1 excess LCF; MEI 
dose (maximum dose point on State 

Route 4)  approximately 14 rem.

NOA—baseline.

Alternatives do not alter 
the likelihood or severity 

of such accidents.

RAD–12f Explosively driven 
dispersal of plutonium 

at TA–16–411.

1.5 x 10-6 per year 
or about 1 in 

670,000 years.

Mean population dose approximately 
35,800 person-rem; 18 excess LCFs.  
MEI (maximum dose at closest site 

boundary) 138 rem.

NOA—baseline.

Alternatives do not alter 
the likelihood or severity 

of such accidents.

RAD–13 Plutonium release from 
flux trap irradiation 

experiment at TA–18.

1.6 x 10-5 per year 
(i.e., one event in 

62,000 years).

Mean population dose approximately 
160 person-rem, resulting in 0.08 
excess LCF; MEI dose at closest 
public access (Pajarito Road) is 

approximately 120 rem; at closest 
habitation is approximately 

0.12 rem.

NOA—baseline.

Alternatives do not alter 
the likelihood or severity 

of such accidents.

RAD–14 Plutonium release from 
ion exchange column 
thermal excursion at 
Plutonium Facility.

< 10-6 per year 
(i.e., < 1 in one 
million years).

Mean population dose approximately 
130 person-rem (i.e., 0.063 excess 

LCF);  MEI dose 0.45 rem at Pajarito 
Road and 0.32 rem at closest 

habitation.

NOA—baseline.

Alternatives have no 
effect on likelihood or 

severity of such 
accidents.

TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa-Continued
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SCENARIO DESCRIPTION
BASELINE 

LIKELIHOOD b
BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

RAD–15 Plutonium release from 
the ARIES process: 

(1) Hydride-dehydride 
glovebox fire.

(2) Plutonium release 
from wing fire.

(1) 3.6 x 10-5 per 
year

(2) 3.2 x 10-5
 
(i.e., 

1 in about 30,000 
years for both 

accident 
scenarios).

(1) Mean population dose 4.5 
person-rem; approximately 0.0023 
excess LCFs; MEI at closest public 

access:  approximately 4.1 rem.

(2) Mean population dose 
approximately 1,700 person-rem; 
approximately 0.85 excess LCFs, 

MEI at closest public access:  
approximately 91 rem.

NOA—baseline.

EXP—

(1) Increases the severity 
of the accident by 

approximately 4 times 
that of the NOA.

(2) Increases the severity 
of the accident by 

approximately 100% over 
the NOA.

RED and GRN—remain 
the same as the NOA.

Frequencies remain the 
same across alternatives.

RAD–16g Plutonium release due to 
aircraft crash at the 

CMR Building.

Approximately 
3.5 x 10-6 per year 
(i.e., one event in 

approximately 
300,000 years).

Mean population dose:   
approximately 56 person-rem; 0.03 
excess LCFs expected; MEI dose at 
closest public access approximately 

3 rem; at nearest habitation 
approximately 0.03 rem.

NOA—baseline.

Alternatives do not alter 
the likelihood or severity 

of such accidents.

WORK–01 Inadvertent detonation 
of high explosives.

10-3 to 10-2 per 
year (i.e., one in 

approximately 100 
to 1,000 years).

1 to 10 fatalities or injuries. NOA—baseline.  

EXP—50% increase in 
likelihood.

RED—20% reduction in 
likelihood.

GRN—40% reduction in 
likelihood.

WORK–02 Biohazard 
contamination of a 

single worker.

10-2  to 10-1  per 
year (i.e., one in 
approximately 10 

to 100 years).

One casualty. NOA—baseline.

No differences among 
alternatives apart from the 

addition of one more 
pathogen in EXP.

WORK–03 Inadvertent criticality 
event at the CMR 
Building, Critical 

Experiments Facility, or 
Plutonium Facility.

< 10-5 per year 
(i.e., one in more 

than 100,000 
years).

Substantial doses to those few 
workers in the immediate vicinity, 
with possible fatalities from acute 

exposures.

NOA—baseline.

Alternatives have little 
effect on likelihood and 
none on severity of such 

accidents.

WORK–04 Inadvertent exposure of 
workers to 

electromagnetic 
radiation.

10-2  to 10-1  per 
year (i.e., one in 
approximately 10 

to 100 years).

Typically one, rarely several, 
casualties.

NOA—baseline.

Alternatives have little 
effect on likelihood and 
none on severity of such 

accidents.

TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa-Continued
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SCENARIO DESCRIPTION
BASELINE 

LIKELIHOOD b
BASELINE CONSEQUENCE 

MEASURESc
EFFECT OF 

ALTERNATIVES d

WORK–05 Plutonium release from 
degraded storage 

container at Plutonium 
Facility

0.23 per year (i.e., 
one in 

approximately 
5 years).

Significant but nonlethal doses to 
one to two operators.

NOA—baseline.

Alternative have little 
effect on likelihood and 
none on severity of such 

accidents.

a See the individual narratives for each accident in section G.5 for additional information.
b Accident likelihood estimates are conservative, given the information available.  However, for the particularly unlikely accidnts, 
it is possible that there are causal mechanisms that were missed; therefore, the possibility of a more probable scenario can be 
rigorously ruled out.  The frequency per year is more correctly described as the probability of occurrence in any 12-month pod.  
See detailed explanation under Meaning of Risk and Frequency in section G.1.

c Conservative assumptions have been employed in estimating the quantity and form of the hazardous materials available fo
release.  Accident consequences are generally conservative (pessimistic) but do not bound the effects of accidents occurrinder 
unusually unfavorable weather conditions.  The results quoted for radiological accidents are weather-averaged.  MEIs for e
location are hypothetical individuals who do not leave and do not take protective actions to avoid exposure.  Excess LCFs 
cancers resulting from, and that develop well after, exposure to ionizing radiation.  The excess LCF is the product of the do and 
the risk factor of 5 x 10-4 excess LCF/person-rem.  This is discussed in the primer on the effects of radiation in section D.1 o
appendix D, Human Health.

d Explanations of the alternatives:  No Action (NOA), Expanded Operations (EXP), Reduced Operations (RED), and Greene
(GRN) appear in the introduction to this appendix and in chapter 3.  The baseline risk is the risk from current operations, pls 
planned activities.  Together, these constitute the NOA. There is frequently no difference among the alternatives in acciden
frequency and public consequence.  The inventories used in the analyses are typically those of bounding permitted or 
administrative limits, rather than realistic values that would be more likely to change among the alternatives.  The accident
frequencies depend upon the accident initiators, many of which are independent of the operations and of inventory, and thee, 
do not change among alternatives.  Frequencies that depend upon operations, such as the number of drums being process 
necessarily translate into change in frequency of an environmental release, but may affect the frequency of worker acciden

e As with other plutonium doses, these 4,000 rem are the total dose that accumulates over a 50-year lifetime as a result of thnitial 
intake.

f These accidents are taken from the DARHT EIS (DOE 1995a) and utilize different modeling from the others shown in this t
therefore, the results may not be strictly comparable.  For example, the integrated exposures for these accidents do not ince 
exposures to on-site workers.  The DARHT EIS treated the on-site workers as noninvolved workers.  The doses were give
individual dose and not included in the integrated population numbers.  For this reason, integrated population doses in this S are 
higher than those in the DARHT EIS; however, both EISs assessed the consequences to noninvolved workers.  See text un
accident for elaboration.

g This is at 360-meter distance.  The closest public access would likely be involved in the crash.

TABLE  G.5–1.—Summary of Consequences from Risk-Significant Accidents at LANLa-Continued
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TABLE  G.5.1–1.—Summary of Consequences to Workers at 
Accident Origination Facilities

SCENARIO DESCRIPTION FACILITY WORKER CONSEQUENCES

SITE–01 Moderate earthquake on the Pajarito 
Fault or a large earthquake in the Rio 

Grande Rift zone, resulting in 
structural damage and/or severe 

internal damage to comparatively 
low-capacity facilities.

Workers in buildings that are structurally damaged or that 
suffer partial or total collapse (unusual, but possible) could 

be injured or killed.  Worldwide experience with very severe 
earthquakes indicates that a priori  predictions of the numbers 

of injuries and fatalities are not possible.  The experience 
clearly indicates that large numbers of fatalities (i.e., many 

hundreds to thousands of deaths) are not commonly 
experienced except under special conditions.  These specia
conditions include severe earthquakes with large numbers o

people in severely substandard structures that suffer 
complete collapse.  Modern structures do not often 

experience such failures, even in very severe earthquakes
Other circumstances under which large numbers of fatalities

can occur include seismically induced, widespread fires.  
Other impacts to workers can include delayed emergency 

response (including medical assistance) and indirect effects
from releases of hazardous materials (both inside facilities 

and to the environment).  

SITE–02 Large earthquake on the Pajarito 
Fault, resulting in structural damage 

and/or severe internal damage to 
comparatively moderate-capacity 

facilities.

See SITE–01.

SITE–03 Very large earthquake on the Pajarito 
Fault and perhaps the Embudo Fault, 

resulting in structural damage to 
essentially all facilities.

See SITE–01.

SITE–04 Site-wide wildfire consuming 
combustible structures and 

vegetation.

All threatened workers would be evacuated prior to arrival of 
the fire front.  Aircraft crashes have occurred while dropping 
slurry on wildfires.  Firefighters are at risk if they enter an 
area without an alternate escape route, and there have bee

historical fatalities from such events.  However, because life
safety is given first priority over protection of property at 
LANL, it is not likely that there will be worker fatalities.  

Some firefighters and other emergency personnel are likely
to have significant but transient effects from smoke 

inhalation.

CHEM–01 Chlorine release (up to 150 pounds) 
from potable water treatment station 
due to human error during cylinder 
changeout or maintenance, or due to 

random hardware failures.

For the cylinder rupture event, it is unlikely that workers will 
be present because due to the nature of the event, it is 

assumed to occur at random rather than as a result of worke
activity.  Even with very prompt response by workers inside 
the building when the release occurs, severe injury or fatality

is possible with large chlorine leak rates.  The number of 
injuries and fatalities depends on the exact number and 

location of workers at the facility at the time of the event.  
For small leak rates, the likelihood of injury or death is low 

due to the self-annunciating nature of the event.
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CHEM–02 Multiple-cylinder release 
(1,500 pounds) from toxic gas 

storage shed at Gas Plant due to fire 
or aircraft crash.

Workers present at the Gas Plant (TA–3–170 and environs)
can be injured or killed, depending upon wind direction and
wind speed.  However, the chlorine gas and fire causing the
release will be readily visible, and escape from the plume, 
even on foot, is likely.  Workers attempting to fight the fire 
without personal protective equipment can be overcome by

chlorine gas.

CHEM–03 Chlorine release (150 pounds) from 
toxic gas storage shed at Gas Plant 
due to random cylinder failure or 

multiple human errors during 
cylinder handling.

Gas Plant workers who are directly involved in handling the 
cylinders of chlorine can be exposed to ERPG–2 or ERPG–3

concentrations from the human error contributor to this 
event.  In the case of random failures, it is unlikely that 

workers will be in the immediate vicinity of the cylinder.  
Gas Plant workers can be exposed to high concentrations o
chlorine if located outdoors; but these employees will be able

to evacuate the area rapidly, which would tend to reduce 
exposure consequences.

CHEM–04 Bounding single-cylinder release of 
toxic gas (selenium hexafluoride) 

from waste cylinder storage.

There are typically four or five employees in the area during
normal work hours.  Injuries or fatalities can occur due to 

exposures as well as missiles from cylinder rupture.  Workers
are trained to leave the area in the event of a gas release.
Consequences will depend on wind speed and direction.

CHEM–05 Bounding multiple-cylinder release 
of toxic gas (sulfur dioxide) from 

waste cylinder storage.

See CHEM–04.

CHEM–06 Chlorine  release outside Plutonium 
Facility.

Air intakes at TA–55–4 are on the west end of the building, 
about 18 feet (5 meters) above the ground, and the chlorine

release location is on the north side of the building at ground
level.  In addition, there is an isolation valve in the intake 
ductwork.  Thus, it is unlikely that chlorine will be drawn 

into the building.  Personnel located outdoors can be expose
to ERPG–2 and ERPG–3 concentrations of chlorine; but 
these employees will be able to evacuate the area rapidly,

which would tend to reduce exposure consequences.  

RAD–01 Plutonium release from RANT 
Facility transuranic waste container 

storage area fire.

There are about a dozen employees at the facility during da
shift who can be at risk of plutonium inhalation as a result of
this fire.  However, the employees would be expected to take
shelter or evacuate the area, which would reduce exposures

No lethal exposures would be expected.

RAD–02 Plutonium release from the CMR 
Building due to natural gas pipeline 
break, gas ingestion into facility, and 

subsequent explosion and fire.

Workers in the wing affected by the explosion can be 
severely injured or killed due to the dynamics of the 

explosion and the subsequent fire.  Workers not directly 
affected by the explosion can inhale airborne plutonium that

results from the explosion and subsequent fire.  
Contaminated air can be drawn into the building and 

dispersed to otherwise unaffected wings of the building.

TABLE  G.5.1–1.—Summary of Consequences to Workers at 
Accident Origination Facilities-Continued

SCENARIO DESCRIPTION FACILITY WORKER CONSEQUENCES
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RAD–03 Highly enriched uranium release 
from power excursion accident with 

Godiva-IV outside Kiva #3.

Personnel will  not be located outdoors during an experimen
leading to this accident.  The TA–18 control building 

provides 40% attenuation of gamma radiation; ventilation 
systems will be secured in the event of an accident, 

minimizing the air exchange rate with the outdoors.  No 
acute fatalities are expected for this accident.

RAD–04 Inadvertent detonation of plutonium-
containing assembly at DARHT 

firing point.

Up to15 fatalities can occur among workers directly affected
by blast effects.  Other workers farther away can be injured
and/or exposed to airborne radioactivity (the latter depends

on wind speed and direction and the location of the workers).
Workers not directly affected by the blast could receive 

nonlethal exposures of up to 160 rem at 1,300 feet 
(400 meters) and up to 90 rem at 2,430 feet (750 meters).

RAD–05 Tritium oxide release due to aircraft 
crash at TSFF or TSTA.

An aircraft crash into the building can result in severe 
injuries or deaths to nearly all the occupants of the building. 
Nearby workers not within the facility can also be injured or 

killed as a result of the crash dynamics, explosion, fire, 
missiles, etc.  Workers not directly affected by the aircraft 

crash can be exposed to tritium oxide, but the release plum
will be elevated and may skip over the immediate crash site

before returning to the ground at some distance.

RAD–06 Plutonium release due to aircraft 
crash at RAMROD.

An aircraft crash into the building can result in severe 
injuries or deaths to nearly all the occupants of the building. 
Nearby workers not within the facility can also be injured or 

killed as a result of the crash dynamics, explosion, fire, 
missiles, etc.  Workers not directly affected by the aircraft 

crash could be exposed to plutonium, but the release plume
will be elevated and may skip over the immediate crash site
before returning to the ground at some distance.  (Note tha

this scenario was found, after detailed analysis, to screen on
frequency less than 1 x 10-7 per year.)

RAD–07 Plutonium release from WCRRF 
transuranic waste container storage 

area fire.

There are typically five WCRRF workers present during 
normal operations.  The postulated accident will not result in
an immediate release, providing time for implementation of 
evacuation or other protective measures.  No fatal exposure

are expected.

RAD–08 Plutonium release from TWISP 
transuranic waste storage domes due 

to aircraft crash and fire.

A small number of workers may be present during normal 
operations and can be directly affected by crash dynamics,
explosion, fire, missiles, etc.  Workers not directly affected 
by the aircraft crash can be exposed to plutonium, but the 

release plume will be elevated and may skip over the 
immediate crash site before returning to the ground at some

distance.

TABLE  G.5.1–1.—Summary of Consequences to Workers at 
Accident Origination Facilities-Continued

SCENARIO DESCRIPTION FACILITY WORKER CONSEQUENCES
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RAD–09 Plutonium release due to transuranic 
waste drum failure or puncture.

The accident results in an immediate dispersal of plutonium
to the area where the work is being performed.  The dose to
the worker will be dependent on ambient conditions and the

speed with which protective actions can be taken (e.g., 
evacuation).  No acute fatalities are expected for this 

accident.

RAD–10 Plutonium release from degraded 
storage container at Plutonium 

Facility.

The workers present when a container fails could be expose
to plutonium inhalation with substantial doses possible, 

depending upon the usage of PPE and the speed with whic
workers exit the immediate area.

RAD–11 Container breach after detonation of 
plutonium-containing assembly at 

DARHT firing point.

No fatalities are expected for the containment failure event 
because workers will be inside the facility and protected 

from material releases.  Workers not directly involved with 
the experiment can receive nonlethal doses of up to 60 rem a

1,300 feet (400 meters) and up to 20 rem at 2,460 feet
 (1,750 meters).

RAD–12 Plutonium release from seismically 
initiated event at TA–16–411.

Workers within the facility would be killed by the explosion 
and building collapse.

RAD–13 Plutonium release from flux trap 
irradiation experiment at TA–18.

See RAD–03.

RAD–14 Plutonium release from ion exchange 
column thermal excursion at 

Plutonium Facility.

Workers in the room where the event occurs can be injured o
killed due to the dynamics of the accident.  Plutonium 

particulate inhalation is also possible.  No fatalities have 
occurred in past resin thermal excursion events at other 

facilities.

RAD–15 Plutonium release from hydride-
dehydride glovebox fire.

From one to three workers may be present attending the 
operations.  These workers can be killed or injured due to the

direct effects of a laboratory fire or can be exposed to 
plutonium particulates via inhalation.  Other workers can be
affected by smoke inhalation.  Workers outside the facility 
will not be expected to be impacted due to redundant trains
of HEPA filtration between the accident location and the 

outside environment.

RAD–16 Plutonium release due to aircraft 
crash at the CMR Building.

An aircraft crash into the CMR Building can result in severe 
injuries or deaths to nearly all the occupants of the building. 
Nearby workers not within the facility can also be injured or 

killed as a result of the crash dynamics, explosion, fire, 
missiles, etc.  Workers not directly affected by the aircraft 
crash can be exposed to plutonium, but the release plume

will be elevated and may skip over the immediate crash site
before returning to the ground at some distance.

WORK–01 Inadvertent detonation of high 
explosives.

One to several workers can be killed due to explosion 
dynamics.  The actual number of workers depends on the 
circumstances of the explosion (e.g., type of activity in 
progress, quantity of explosives involved, distances of 

workers from explosion site, etc.).

TABLE  G.5.1–1.—Summary of Consequences to Workers at 
Accident Origination Facilities-Continued

SCENARIO DESCRIPTION FACILITY WORKER CONSEQUENCES
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WORK–02 Biohazard contamination of a single 
worker.

One worker can be contaminated by this accident.  The 
outcome of the contamination depends on the nature of the

agent involved and the extent and efficacy of medical 
intervention.  Fatality is possible but not likely, based on 

experience in the medical and research communities.

WORK–03 Inadvertent criticality event at the 
CMR Building, Critical Experiments 

Facility, or Plutonium Facility.

One or more workers can be killed due to acute radiation 
exposure, but the lethal zone is limited to tens of meters from

the site of the criticality event.  Other workers can receive 
sublethal exposures or can inhale fission products.

WORK–04 Inadvertent exposure of workers to 
electromagnetic radiation.

Severe injury or death is possible in the worst case.  
Sublethal effects (e.g., eye injuries) are also possible.

WORK–05 Plutonium release from degraded 
storage container at Plutonium 

Facility. 

The workers handling the container can be exposed to 
plutonium particulates by inhalation.  Significant but 

nonlethal doses are possible depending on the usage of 
personal protective equipment and the speed with which the

workers exit the immediate area.

TABLE  G.5.1–1.—Summary of Consequences to Workers at 
Accident Origination Facilities-Continued

SCENARIO DESCRIPTION FACILITY WORKER CONSEQUENCES
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G.5.3 Note on the Consequences 
from Earthquakes

For the site-wide earthquakes, the earthquake
frequency, the MAR (dominant contributors),
and accident consequences across the
alternatives are also projected to be comparable.

G.5.4 Site-Wide Earthquake and 
Wildfire Accidents

LANL is located within the Rio Grande Rift, a
tectonically active province in the western U.S.
Although only six historic earthquakes of
Richter magnitude (ML) of 5.0 or greater have
occurred in the LANL region, the period of
historical observation is short (from about 1850
for events of ML 5.5) (Wong et al. 1995).
Although no surface faulting has occurred in
historic times, detailed paleoseismic
investigations have found evidence of surface
faulting in prehistoric times.  Seismic studies
currently in progress have further evaluated the
potential for ground faulting.  These studies
indicate the possibility of such events is low, but
credible, at some locations on the LANL site.
Section 4.2.2.2 (in volume I, chapter 4) and
appendix I further discuss the recently
completed studies and their implication to DOE
and LANL.

In order to evaluate the seismic hazards at
LANL more fully, and in accordance with the
guidance contained in DOE Standards 1020 and
1023 (DOE 1994e and DOE 1995b), LANL
contracted with Woodward-Clyde Federal
Services to perform a state-of-the-art PSHA.
PSHA provides estimates of the frequency of
various levels of ground movement (e.g., peak
horizontal ground acceleration [PGA],
represented in terms of the multiple of the force
of gravity, represented by the letter “g”).  The
analysis evaluated the contribution of 25 faults
to the seismic hazard at LANL, accounting for
all known faults within 93 miles
(150 kilometers) of the site that could produce
ground accelerations of 0.05 g or greater (e.g., a

PGA of 0.05 g is representative of the onset o
strong ground shaking) (Wong et al. 1995).  
addition, areal seismic sources were conside
in an attempt to account for hidden faults th
could produce earthquakes of up to magnitu
6.5 (larger faults would produce surfac
ruptures that would be represented already). 

The Woodward-Clyde analysis found that mo
of the seismic hazard at LANL is due t
projected seismic activity in the Rio Grande R
and along the Pajarito, Rendija Canyon, Gua
Sawyer Canyon, and Embudo faults.  Th
surface expression of the Pajarito fault ru
along the western boundary of LANL.  Th
fault, which is a down-to-the-east faul
underlies the entire laboratory; all significan
facilities at LANL are within 3.5 miles
(5.6 kilometers) of the surface expression of t
fault.  The two facilities with the larges
radiological hazard potential at LANL are th
CMR Building and TA–55–4 facility, which are
0.4 and 1.9 miles (0.7 and 3.1 kilometers
respectively, from the surface expression of t
Pajarito Fault.  Therefore, the structures 
LANL are considered to be near-field for th
purposes of an earthquake along the Paja
Fault.  This near-field status means that lar
vertical displacements could occur in a
earthquake along the Pajarito Fault, along w
the horizontal displacements.  Modelin
performed by Woodward-Clyde indicates th
vertical accelerations could exceed th
horizontal acceleration at near-source distanc
of up to 6 miles (10 kilometers).

PSHA for Los Alamos indicates that th
frequency of a very large peak horizont
ground acceleration (1.0 g) is approximately
one in one hundred thousand per year, 
1.0 x 10-5 per year.  Because the mo
structurally robust facility at LANL has a desig
basis earthquake of 0.31 g, it is clear that
earthquakes have a potential to cause signific
damage to LANL facilities.  

The risks posed by earthquakes at LANL ha
been assessed on a site-wide basis, un
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existing safety documentation, which considers
the facilities independently.  The seismic
analysis herein is based on PSHA, on available
safety documentation (which in many cases
provides information on the seismic capacity of
important structures), on facility walkdowns
conducted by the SWEIS accident analysts, and
on engineering judgment.  The approach taken
in the analysis was to estimate conservative
structural failure thresholds (referred to as
HCLPF values), which correspond roughly to a
high confidence that the conditional probability
of structural failure is 5 percent or less at a given
ground acceleration.  By estimating
conservative HCLPF values, the frequency of
failure can be established with greater
confidence than if the median or mean fragility
values were estimated using limited resources.
This approach places most of the uncertainty in
failure frequency on the down side of the risk
estimates; that is, it is much more likely that the
actual failure frequency is lower than the
estimated value than it is higher.  Still, with a
consistent approach to the analysis, the relative
ranking of seismically initiated failures should
be valid.

Once the HCLPF values are estimated (these
values are tabulated in Table G.5.4–1), the
seismic hazard information can be convolved
with the HCLPF values to calculate the failure
frequency.  Because the seismic hazard is not
very different among the eight LANL sites
analyzed, the seismic hazard from TA–55 was
used in quantification.  The frequency of failure
corresponding to HCLPF values for TA–55 is
presented in Table G.5.4–2.  Using the
information in Tables G.5.4–1 and G.5.4–2,
seismic failure events and their corresponding
frequencies of occurrence were estimated as set
forth in Table G.5.4–3.

In principle, if the assessment of seismically
initiated accidents was being done as part of a
full-scope PRA, the frequency of structural
failure (or internal component/system damage)
could be calculated uniquely for each structure
and risks calculated separately for each

resulting chemical or radiological releas
However, the SWEIS accident analysis is no
seismic PRA.  The goal of the analysis is 
identify for the decision maker and stakeholde
the risks associated with the SWEIS alternativ
and to evaluate whether there are any signific
differences in accident risks across th
alternatives.  Examining the results of th
analysis in Table G.5.4–3, and considering t
approximate method by which the HCLP
values were assigned, the uncertainties in 
results are such that grouping the failure eve
by frequencies within a factor of three or four o
one another is not unreasonable.  Based 
Table G.5.4–3, three site-wide earthquak
were identified, as listed in Table G.5.4–4.  
addition, the potential impact of ground faultin
at one facility of concern, the CMR Building
will be discussed as a subsection of the SITE–
event.

Appendix I summarizes the ongoing an
recently completed seismic hazard studies, 
well as the implications of these studies f
DOE and LANL.  The uncertainties in the
estimated seismic risk are large.  The seism
hazard estimate alone has significa
uncertainties.  To illustrate, the uncertainties 
the seismic hazard are such that the 5th to 95th

percentile horizontal PGA values at a frequen
of 1 x 10-5 per year range from about 0.55 g to
much greater than 1.0 g.  Similarly, the 5th to
95th percentile frequency values, for 
horizontal PGA of 1.0 g, spans the range from
5 x 10-5 to much less than 1 x 10-6 per year.

G.5.4.1 SITE–01, Site-Wide 
Earthquake Causing 
Damage to Low-Capacity 
Structures/Internals

Consequences of SITE–01 for Facility 
Workers and the Public

The consequences of SITE–01 are presen
separately for workers and the public.  F
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TABLE  G.5.4–1.—Estimated High Confidence in Low Probability of Failure Capacities of LANL
Structures and Internals

FACILITY 
DESIGNATION

FAILURE 
HCLPFa NOTES

TA–00–1109 0.04 Unreinforced concrete block structure; large-diameter natural gas pipeline
and pumping station located within 50 feet of this structure; a small-diamet
natural gas pipe also enters the structure; HCLPF based on judgment and 
Campbell et al. 1988.

TA–00–1110 0.04 Unreinforced concrete block structure; two large water tanks located withi
100 feet of this structure; HCLPF based on judgment and Campbell et al. 
1988.

TA–3 Admin. Complex 0.04 0.15 g PGA calculated as having a high probability of failure (Miller et al. 
1995); also consistent with LANL 1991a.

TA–3–29 (CMR) 0.08 The CMR Building expected to fail at 0.17 g median fragility (LANL 1995c), 
corresponding to a HCLPF of 0.08 g.  The basement vault is expected to 
survive intact, but may suffer damage and leakage at earthquake magnitud
comparable to a HCLPF of 0.34 g (frequency of 7.1 x 10-5/yr.).

TA–3–66 (Sigma) 0.05 Built in late 1950’s; HCLPF based on LANL 1991a (original seismic desig
for 0.05 g) and PC 1996b (3 of 4 building sectors fail Federal Emergency 
Management Agency [FEMA] 178 life safety requirements corresponding t
0.14 g PGA).

TA–3–476 0.25 Judgmental estimate for overturning the shed in an earthquake.

TA–9–21 0.04 Judgmental estimate based on facility walkdown.

TA–15 DARHT NA No credible accident scenarios were identified wherein a seismic event cou
trigger a release from DARHT that would have any off-site impacts 
(DOE 1995a).  If an earthquake were to occur with an assembly loaded and
the containment sealed, not only would the container supports have to fail, b
the explosives in the assembly would have to detonate and the containmen
would have to fail in order for a release to the environment to occur.  The 
congruence of a sufficiently large earthquake, the conditional probability of
an assembly being installed in the containment, the explosives detonating, a
the containment structurally failing are considered to be incredible.

TA–16–205 (WETF) 0.14 Corresponds to 5 x 10-4/yr frequency estimate in SAR based on Table 
G.5.1–2; this earthquake does not cause structural failure (LANL 1996e), b
results in a tritium release due to failures internal to the facility coupled with
failure of the ventilation isolation system (100 grams tritium oxide; 250 gram
in the Expanded Operations Alternative).

0.30 SAR estimates structural failure at 0.6 g (LANL 1996e); however, the 
frequency in the SAR (1.5 x 10-5/yr) corresponds to an HCLPF of about 
0.53g, for which the median fragility would be much higher than 0.6 g.  
Indeed, that SAR frequency corresponds to approximately a 1.0 g PGA 
earthquake; the value shown here is a judgment pending further evaluation
In addition, during drafting of this SWEIS, DOE was informed that a 
seismically related unidentified safety question is in progress for WETF, 
which may lower the structural failure fragility to 0.3 g.

TA–16–411 0.05 Built in early 1950’s; HCLPF based on judgment and PC 1996b (fails FEM
178 life safety requirements corresponding to 0.14 g PGA).
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TA–18–23 (Kiva #1) 0.05 Built in late 1940’s to UBC criteria; HCLPF based on judgment and PC 
1996b (fails FEMA 178 life safety requirements corresponding to 0.14 g 
PGA).  Also calculated to be incapable of surviving the design basis 
earthquake of 0.22 g (LANL 1996f).

TA–18–32 (Kiva #2) 0.22 Analyzed in the SAR using finite element analysis against University of 
California Research Laboratory (UCRL–15910) seismic criteria and found t
survive the design basis earthquake for a Hazard Category 2 facility.  
Assuming facility is DOE Standard 1020-94 Performance Category 2, 
HCLPF judgmentally assigned at 0.22 g, which corresponds to the 
Performance Category 2 earthquake at TA–18 (Wong et al.1995).

TA–18–116 (Kiva #3) 0.22 See notes for TA–18–32, above.

TA–18–168 (SHEBA) 0.22 See notes for TA–18–32, above.

TA–21–155 (TSTA) 0.10 Built in early 1950’s; SAR indicates 0.33 g median fragility (LANL 1996g), 
but PC 1996b indicates that both sectors of building fail the FEMA 178 life 
safety requirements, corresponding to 0.14 g PGA.  Building brought up to 
1976 UBC requirements for seismic and wind; but the upgrade was not mea
to conform to UCRL–15910 or DOE Standard 1020 (LANL 1996g).

TA–21–209 (TSFF) 0.10 Built in late 1960’s; HCLPF based on SAR (LANL 1996h) and PC 1996b (
three sectors failed FEMA 178 life safety requirements, corresponding to  
0.14 g PGA).

TA–43–1 (HRL) 0.08 HCLPF based on LANL 1991a (capable of 0.18 g resistance); 5 of 6 sectors 
failed FEMA 178 life safety requirements, corresponding to 0.14 g PGA 
(PC 1996b).

TA–50–1 Radioactive 
Liquid Waste 
Treatment Facility 
(RLWTF)

0.10 SAR states that the facility cannot withstand the 0.22 g design basis 
earthquake for a Performance Category 2 facility (LANL 1995d); HCLPF 
assigned by judgment based on SAR-reported frequency of 1.4 x 10-3/yr 
(LANL 1995d).

TA–50–37 (RAMROD) 0.07 HCLPF assigned based on fragility of 0.15 g and corresponding frequency of 
2 x 10-3/yr (LANL 1996i).

TA–50–69 (WCCR 
Facility)

0.22 HCLPF assigned based on design basis earthquake of 0.22 g (LANL 1995e).

TA–54 TRU Domes 0.11 HCLPF assigned based on design basis earthquake of 0.22 g with a 
corresponding frequency of 1 x 10-3/yr (LANL 1995f); corresponds to 
structural collapse of the tension dome structures of four domes and impact
10% of the TRU waste drums on the top row of the stacks.

0.31 HCLPF assigned based on beyond design basis earthquake of 0.57 g with a 
corresponding frequency of 1 x 10-4/yr (LANL 1995f); corresponds to dome 
failure plus overturning of 10% of the TRU waste drums.

TA–54–38 (RANT) 0.11 HCLPF assigned based on the SAR, which states that the facility was 
designed to withstand seismic Zone 2 earthquake loads and design live loa
per UBC 1985, corresponding to a 0.11 g design basis earthquake.  However, 
additional bracing (tying together the roof and walls to resist the 100-year 
wind) brings the seismic resistance to greater than 0.11 g but less than the 
required 0.22 g for the facility (LANL 1996j).

TABLE  G.5.4–1.—Estimated High Confidence in Low Probability of Failure Capacities of LANL
Structures and Internals-Continued

FACILITY 
DESIGNATION

FAILURE 
HCLPFa NOTES
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TA–55–4 0.14 Design basis earthquake; facility structure remains intact, but some proce
enclosures collapse due to anchorage failure resulting in a free-fall spill of 
MAR and the rupture of process gas lines.  Ventilation system fails due to lo
of off-site power and failure of nonsafety-class ductwork within the building.
LPF = 6% due to ventilation system failure and pressurized gas-driven 
release; frequency of this scenario is 4 x 10-4/yr (LANL 1996k).  The release 
for this scenario, calculated on a spreadsheet basis, is estimated at 1.16 x-2

 

grams of heat source plutonium, 5.17 grams of weapons-grade plutonium, 
0.201 grams of plutonium-242, and 0.241 grams of highly enriched uranium
(LANL 1996k).

0.23 Beyond evaluation basis earthquake included in the SAR; similar to 0.30 g in 
that the structure remains intact with an LPF = 0.06, but more gloveboxes,
etc., fail, increasing the source term.  Release, calculated on a spreadshee
basis, is estimated at 1.74 x 10-2 grams of heat source plutonium, 5.31 grams 
of weapons-grade plutonium, 0.201 grams of plutonium-242, and 0.242 
grams of highly enriched uranium (LANL 1996k).

0.44 Beyond design basis earthquake not included in the TA–55 SAR; the structure 
has an HCLPF of 0.44 g, corresponding to an annual frequency of 
3.16 x 10-5/yr (LANL 1996k).

TA–55–185 0.31 TA–55–185 is a prefabricated metal building located on a concrete pad; it 
general use facility constructed in accordance with the 1988 UBC (DOE 
1996g).  HCLPF assigned based on judgment considering design and 
considering TA–54 Area G analysis for toppling of top row of TRU drums 
(LANL 1995f).

TA–55–249 0.23 Based on beyond evaluation basis earthquake for TA–55–4 (see above).

a Failure HCLPF is the ground acceleration where the probability of structural failure is 5% or less.

TABLE  G.5.4–1.—Estimated High Confidence in Low Probability of Failure Capacities of LANL
Structures and Internals-Continued

FACILITY 
DESIGNATION

FAILURE 
HCLPFa NOTES
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TABLE  G.5.4–2.—HCLPF Values Versus Annual Frequency of Failure

HCLPF FREQUENCY HCLPF FREQUENCY HCLPF FREQUENCY HCLPF FREQUENCY

0.01 9.93 x 10-3 0.16 5.24 x 10-4 0.31 1.01 x 10-4 0.46 2.67 x 10-5

0.02 8.59 x 10-3 0.17 4.60 x 10-4 0.32 9.18 x 10-5 0.47 2.46 x 10-5

0.03 6.38 x 10-3 0.18 4.06 x 10-4 0.33 8.36 x 10-5 0.48 2.26 x 10-5

0.04 4.67 x 10-3 0.19 3.59 x 10-4 0.34 7.62 x 10-5 0.49 2.08 x 10-5

0.05 3.54 x 10-3 0.20 3.19 x 10-4 0.35 6.95 x 10-5 0.50 1.92 x 10-5

0.06 2.78 x 10-3 0.21 2.84 x 10-4 0.36 6.35 x 10-5 0.51 1.77 x 10-5

0.07 2.24 x 10-3 0.22 2.54 x 10-4 0.37 5.80 x 10-5 0.52 1.63 x 10-5

0.08 1.84 x 10-3 0.23 2.27 x 10-4 0.38 5.31 x 10-5 0.53 1.50 x 10-5

0.09 1.53 x 10-3 0.24 2.04 x 10-4 0.39 4.86 x 10-5 0.54 1.39 x 10-5

0.10 1.29 x 10-3 0.25 1.84 x 10-4 0.40 4.45 x 10-5 0.55 1.28 x 10-5

0.11 1.09 x 10-3 0.26 1.66 x 10-4 0.41 4.08 x 10-5 0.56 1.18 x 10-5

0.12 9.29 x 10-4 0.27 1.49 x 10-4 0.42 3.74 x 10-5 0.57 1.09 x 10-5

0.13 7.99 x 10-4 0.28 1.35 x 10-4 0.43 3.44 x 10-5 0.58 1.01 x 10-5

0.14 6.90 x 10-4 0.29 1.22 x 10-4 0.44 3.16 x 10-5 0.59 9.35 x 10-6

0.15 6.00 x 10-4 0.30 1.11 x 10-4 0.45 2.90 x 10-5 0.60 8.65 x 10-6
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TABLE  G.5.4–3.—Seismic Failures and Failure Frequencies Arrayed in Descending Order

FREQUENCY HCLPF FACILITY AND FAILURE SCENARIO

4.7 x 10-3 0.04 Administration Building structural failure

0.04 TA–00–1109 structural failure

0.04 TA–00–1110 structural failure

0.04 TA–9–21 structural failure

3.5 x 10-3 0.05 TA–3–66 (Sigma) structural failure

0.05 TA–18–23 (Kiva #1) structural failure

0.05 TA–16–411 structural failure

2.2 x 10-3 0.07 TA–50–37 (RAMROD) structural failure

1.8 x 10-3 0.08 TA–3–29 (CMR) structural failure

0.08 TA–43–1 (HRL) structural failure

1.1 x 10-3 0.10 TA–21–155 (TSTA) structural failure

0.10 TA–21–209 (TSFF) structural failure

0.10 TA–50–1 (RLWTF) structural failure

0.11 TA–54 TRU domes structural failure, no drum overturning

0.11 TA–54–38 (RANT) structural failure

6.9 x 10-4 0.14 TA–16–205 internal failures, structure remains intact

0.14 TA–55–4 (Plutonium Facility) internal failures, structure remains intact

2.5 x 10-4 0.22 TA–18–32 (Kiva #2) structural failure

TA–18–116 (Kiva #3) structural failure

TA–18–168 (SHEBA) structural failure

TA–50–69 (WCRR Facility) structural failure

2.3 x 10-4 0.23 TA–55–4 (Plutonium Facility) internal failures, structure remains intact; nitric acid 
tank and berm structural failure

0.23 TA–55–249 (hydrochloric acid tank and berm) structural failure

1.8 x 10-4 0.25 TA–3–476 overturning

1.1 x 10-4 0.30 TA–16–205 structural failure

1.0 x 10-4 0.31 TA–54 TRU domes structural failure, drums overturning

0.31 TA–55–185 structural failure

3.2 x 10-5 0.44 TA–55–4 (Plutonium Facility) structural failure
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workers, the following consequences are
identified:

• Any time a facility occupied by workers is 
subjected to structural damage or collapse 
in an earthquake, injuries will occur and the 
potential for fatalities is also present.  
Worldwide experience with very severe 
earthquakes indicates that a priori 
predictions of the numbers of injuries and 
fatalities are not possible.  The experience 
clearly indicates that large numbers of 
fatalities (i.e., many hundreds to thousands 
of deaths) are not commonly experienced 
except under special conditions.  These 
special conditions include severe 
earthquakes with large numbers of people 
in severely substandard structures that 
suffer complete collapse.  Modern 
structures do not often experience such 
failures, even in very severe earthquakes.  
Other circumstances under which large 
numbers of fatalities occur include 
seismically induced dam failures and 
seismically induced, widespread fires.

• Workers trapped in nonhazardous buildings 
could be exposed to radioactivity and 
chemicals released into the atmosphere as a 
result of structural damage to other 
facilities and fires.

• Medical assistance to injured workers could 
be delayed due to limited availability of 
immediate medical response resources as 

well as by damage to transportation route
(e.g., due to landslides or collapsed 
bridges).

• These same considerations also apply to t
off-site public.

Under the SITE–01 earthquake scenario, LAN
nuclear facilities, except for the CMR Building
and most of LANL nonnuclear facilities would
not collapse.  The general effect is the potent
to spill, create a small fire, or otherwise cau
limited damage to material.  Material  that is “i
process” is more likely to experience this type 
effect.  As a conservative value, the wing 
building limits have been used as the MAR 
these accidents with all of this material subje
to spills, free-fall impacts, and a limited amou
involved in fires. Bounding values were used 
determining the amount of this material that h
the potential for airborne transport.  If interna
systems could be damaged, the LPF for t
facility was assumed to be 1.0.  (That is, give
the occurrence of the earthquake, it is assum
that the facilities that would experienc
structural or systems damage would always 
so in a manner that creates an unconstrain
path for material release outside of th
structure.)  This is a very conservativ
assumption because such damage could a
occur in a manner that does not result in t
release of material outside of the structure.  (F
example, walls might crack, but materia
storage containers could remain intact, or on

TABLE  G.5.4–4.—Identified Site-Wide Earthquakesa

FREQUENCY RANGE/YR
POINT ESTIMATE 

FREQUENCY
CHARACTERIZATION OF EARTHQUAKE

SITE–01 

1.1 x 10-3 to 4.7 x 10-3

2.9 x 10-3 Low capacity structures or internals fail

SITE–02 

1.8 x 10-4 to 6.9 x 10-4

4.4 x 10-4 Moderate capacity structures or internals fail

SITE–03 

3.2  x  10-5 to 1.1 x 10-4

7.1 x 10-5 Comparatively high capacity structures fail

a Based on the information provided in Table G.5.1–3.
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spill material within the structure.) For
buildings that would not sustain internal
structural or systems damage, the LPF was
assumed to be zero.  

As a specific example, in evaluating the impact
of hypothesized building damage from a
SITE–01 earthquake affecting the CMR
Building, it was assumed that the full amount of
the MAR (the wing limits) were in powder
form, uncontained and unprotected, subject to
impacts and spills from the earthquake ground
motion and falling objects.  All of this material
was assumed to be freely available for dispersal
to the outside following the building damage.
For comparison, generally only about
40 percent of the material in the CMR Building
is in powder form, the remainder being in metal
or solution, and most of the materials are in
storage containers during routine operations
(most is not “in process”).  Such storage
containers would have to be breached in the
course of or following the earthquake to make
that material available for release.  Thus, while
there is a variety of scenarios that could be
developed for the events resulting from such an
earthquake, this approach represents a
conservative case for the purposes of NEPA.  

LANL nuclear facilities do meet the
requirements for design basis earthquakes.  This
includes engineered controls to minimize the
damage to internal structures and systems.
However, for the purposes of NEPA, the
seismic hazard is treated very conservatively.
This approach is taken in recognition that the
frequency and magnitude of earthquakes are
uncertain.  The uncertainty will remain until
much more is known and understood about the
causes of earthquakes and their effects,
including the predictability of earthquake
magnitudes for a given area.  Far less uncertain
is the response of buildings to given forces;
however, the process for determining the exact
values for building responses is both expensive
and time consuming.  For the purposes of this
SWEIS and consistent with the requirements of
NEPA, the analyses considered conservative

values for both the amount of material that cou
be affected in these scenarios and the ability 
facilities and their systems to contain hazardo
material.

Based on the foregoing discussion and analy
low capacity structures/internals subject 
damage and resulting in radiological releas
for a 2.9 x 10-3 annual frequency earthquak
include TA–3–29 (CMR Building structura
collapse), TA–18–23 (Kiva #1 structura
failure), TA–21–155 (TSTA Facility structura
failure), TA–21–209 (Tritium Science and
Fabrication Facility structural failure),
TA–50–1 (RLWTF structural failure),
TA–50–37 (Radioactive Materials Researc
Operations, and Demonstration Facilit
structural failure), TA–54 Area G (TWISP
Storage Dome failure), and TA–54–3
(Nondestructive Assay and Nondestructiv
Examination Facility structural failure).  The
dominant MAR and source terms are associa
with TA–3–29, TA–50–1, TA–50–37, TA–54
Area G, and TA–54–38.  Note that facilities th
pose small additional risk were not included 
the analyses.  An example is TA–16–411, whe
the MAR is in a very strong part of the structu
(vault) and is there only part of the time, so th
a release from this facility as a result of a
earthquake is believed to border on th
incredible.  The probability of such a release
discussed in detail under section G.5.6.1
RAD–12.

Note that these analyses (SITE–01, SITE–0
and SITE–03) do not attempt to evaluate t
effect upon the population from the earthqua
itself.  Certainly, an earthquake in the Lo
Alamos area would have broader implication
upon the local community than just the dama
to LANL facilities.  The population effects
discussed here would only be incremental to t
significant damage sustained from th
earthquake itself.

The mean collective population dose from th
dominant source term contributors is projecte
to total about 27,726 person-rem total effecti
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dose equivalent (TEDE), resulting in
approximately 16 excess LCFs.  Some 97
percent of the exposure rises from the CMR
Building (TA–3–29), RAMROD (TA–50–37),
and the RLWTF (TA–50–1).  No acute
(immediate) fatalities from radiation are
expected to result from the earthquake event.

Doses to the MEI member of the public from the
subject facilities will generally not be additive
because of the diverse locations of the facilities
and the attendant requirement that different
wind directions at each facility converging on
the MEI would be necessary to obtain
concurrent exposures (not physically possible).
MEI doses for community residents and the
corresponding release sources are summarized
as follows:  (1) 20.2 rem (TEDE), Los Alamos
townsite resident (TA–3–29); (2) 20.1 rem
(TEDE), Royal Crest Trailer Park resident
(TA–3–29, TA–50–1, TA–50–37); and
(3) 3.0 rem (TEDE), White Rock resident
(TA–54 Area G).  

Chemical release consequences also have been
calculated. Chemical releases include
300 pounds of chlorine released from
TA–00–1109 and TA–00–1110, 7.6 liters of
hydrogen cyanide produced by collapse of the
floor at the Sigma facility (TA–3–66), 3 pounds
of phosgene released from collapse of TA–9–21
(a laboratory building), and 30 liters of
formaldehyde released from the Health
Research Laboratory (TA–43–1).  The
consequences of these releases are described
below (note that no emergency response actions
are assumed, with exposure assessed as though
the people exposed are located outdoors; both
assumptions are conservative).

• TA–00–1109 and TA–00–1110, 300 pounds 
chlorine released at each.  In both cases, 
the most likely outcome would be that the 
higher concentrations of chlorine (being a 
heavy gas) would proceed down into 
nearby canyons, and exposures to the public 
would be reduced.  Under typical 
meteorological conditions, and assuming 

flat terrain for the sake of conservatism, th
ERPG–3 concentration of 20 parts per 
million could be exceeded to a distance of
361 yards (330 meters).  Concentration 
profiles at 200 and 300 yards (183 and 
275 meters) show that the ERPG–3 value
exceeded for a little over 10 minutes for a
person located outdoors.  At a 100-yard 
(92-meter) distance, the ERPG–3 value is
exceeded significantly, with an exposure o
about 200 parts per million lasting for abou
10 minutes outdoors (see properties of 
chlorine gas under CHEM–02).  Indoors, 
these values would be less, but the 
increment is not known due to damage to 
structures (with an intact single-story 
structure, the indoors concentration at 
328 yards [100 meters] does not exceed 
ERPG–3, with a maximum concentration o
13.5 parts per million calculated).  The 
circumstances of the release are such tha
the total release would be less than 
300 pounds.  The failure mode is evaluate
to be shearing of the valves off the ends o
the two tanks online.  As discussed later 
under scenario CHEM–01, such a failure 
mode results in cooling the cylinder to a 
temperature less than the boiling point of 
chlorine, terminating the release before al
the chlorine is released (actually, about ha
the total is released).  The consequences 
this would be no worse than those 
calculated for a single cylinder rupture, 
which releases 150 pounds from the 
building in 18.2 minutes.  This results in 53
people being exposed to greater than 
ERPG–2 and 12 people exposed to greate
than ERPG–3 concentrations under 
conservative daytime dispersion condition

• TA–3–66, 7.6 liters of hydrogen cyanide 
released.  Hydrogen cyanide (HCN) would 
form in the basement of the Sigma 
Building.  However, HCN is lighter than air
and would be expected to evolve from 
solution in the basement and reach groun
level, at which point it can be modeled as 
ground level release.  In order to place 
bounds on the consequences, several 
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scenarios were run.  The most conservative 
release calculations assumed an 
instantaneous release of all 7.6 liters of 
HCN under adverse dispersion conditions, 
which is extremely conservative.  The 
resulting maximum ERPG–2 and ERPG–3 
distances were 0.60 and 0.43 miles (1 and 
0.7 kilometers), respectively.

Another calculation was performed similar to
those performed for EPA Risk Management
Program (RMP) purposes, assuming a constant
release rate with all the material released within
10 minutes under adverse dispersion conditions.
The resulting maximum ERPG–2 and ERPG–3
distances were 0.45 and 0.28 miles (0.72 and
0.45 kilometers), respectively.  A similar case,
which assumed evaporation from a puddle
under adverse dispersion conditions, produced
maximum ERPG–2 and ERPG–3 distances of
0.27 and 0.17 miles (0.43 and 0.27 kilometers),
respectively.

EPA RMP-type calculations under conservative
daytime dispersion conditions produced
maximum ERPG–2 and ERPG–3 distances of
119 yards (109 meters) and 75 yards
(69 meters).  Because ALOHA-calculated
distances of the order of 100 yards or less are
overestimates, this release scenario is of
marginal consequence under conservative
daytime dispersion.  Even under adverse
dispersion conditions, the ERPG–2 and
ERPG–3 distances still did not extend to the Los
Alamos townsite; any consequences would be
limited to the LANL workforce population.  The
estimated numbers of people affected by
concentrations greater than ERPG–2 and
ERPG–3 are 15 and 15, respectively, for
conservative daytime dispersion conditions and
44 and 29, respectively, for adverse dispersion
conditions.  Given collapse of the floor at
Sigma, personnel in that facility would likely be
severely injured or killed by the seismic event
alone.  Any survivors would have to rapidly
evacuate the structure to avoid exposure to high
concentrations of HCN.

• TA–3–476, 150 pounds of chlorine 
released.  The consequences of this releas
are essentially identical to the consequenc
for accident scenario CHEM–03, as 
presented in Table G.5.6–1.

• TA–9–21, 3 pounds of phosgene released  
TA–9–21 is a relatively isolated site at 
LANL (compared with, for example, TA–3 
or TA–55) with a low workforce population
in the immediate area.  Nonetheless, 
phosgene is a very toxic gas (the ERPG–3
concentration for phosgene is 1 part per 
million; whereas, the ERPG–3 
concentration or chlorine is 20 parts per 
million).  Using EPA RMP-type release 
parameters of a constant 10-minute releas
under adverse dispersion conditions, the 
ERPG–2 and ERPG–3 distances are 0.76
and 0.0.32 miles (1.2 and 0.52 kilometers
respectively.  Under conservative daytime
dispersion conditions, the ERPG–2 and 
ERPG–3 distances decrease to 0.23 and 
0.10 miles (0.37 and 0.16 kilometers), 
respectively.  The estimated number of 
people affected by concentrations greater
than ERPG–2 and ERPG–3 is 2 and 1, 
respectively, under either adverse or 
conservative daytime dispersion condition

• TA–43–1, 30 liters of formaldehyde 
released.  This release was modeled 
because it is the largest inventory of easily
dispersed (by air) carcinogens at LANL.  
The Los Alamos Medical Center is adjacen
to the Health Research Laboratory, just 
across the bridge from LANL in the town 
area. 

Similar to EPA RMP criteria, a 10-minute
release was modeled under both adverse 
conservative daytime dispersions.  Und
adverse dispersion, the ERPG–2 and ERPG
distances were calculated to be 0.68 a
0.41 miles (1.1 and 0.66 kilometers
respectively.  Under conservative daytim
conditions, the ERPG–2 and ERPG–3 distanc
were 0.17 and 0.10 miles (0.27 an
0.16 kilometers), respectively.
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The number of people exposed to
concentrations greater than ERPG–2 and
ERPG–3 under adverse dispersion conditions
are 60 and 23, respectively.  Under conservative
daytime dispersion, the number of people
exposed to greater than ERPG–2 and ERPG–3
is 11 and 6, respectively. 

The MAR (dominant contributors), earthquake
frequencies, and accident conditions are the
same for all four SWEIS alternatives;
consequently, accident consequences across the
alternatives are also projected to be comparable.  

G.5.4.2 SITE–02, Site-Wide 
Earthquake Causing 
Damage to Low- and 
Moderate-Capacity 
Structures/Internals

As discussed in section G.5.4, the frequency of
SITE–02 is 4.4 x 10-4 per year.  The source term
and consequences of this accident are also
addressed in section G.5.4.

Consequences of SITE–02 for Facility 
Workers and the Public

In this earthquake scenario, the same
conservative approach is used as was used in
SITE–01. Facilities that sustain structural
collapse would essentially consider all material
in a facility as MAR.  This includes stored
material that could sustain damage from higher
magnitude earthquakes.  As with the SITE–01
scenario, for facilities that sustain internal
damage only, the process material is considered
to be at risk.  Facilities that do not sustain
damage do not contribute to MAR. Once the
facility is considered to be damaged, the same
conservative values (as were applied from
SITE–01) for determining the source terms
were used.

Moderate-capacity structures/internals subject
to damage and resulting in radiological releases
for a 4.4 x 10-4 annual frequency earthquake

include TA–16–205 (Weapons Engineerin
Tritium Facility internals damage), TA–18–3
(Kiva #2 structural failure), TA–18–116 (Kiva
#3 structural failure), TA–18–168 (SHEBA
structural failure), TA–50–69 (WCRRF
structural failure), and TA–55–4 (Plutonium
Facility internals damage).  The dominant MA
and source terms for moderate-capac
structures/internals are associated wi
TA–50–69 and TA–55–4.  

For the 4.4 x 10-4 annual frequency earthquake
the dominant source term contributors includ
the identified moderate-capacity structure
internals (TA–50–69 and TA–55–4) and th
low-capacity structures/internals evaluated f
Scenario SITE–01.  The mean collectiv
population dose is projected to tota
41,340 person-rem (TEDE), resulting i
approximately 24 excess LCFs.  Most of th
increase in exposure over the SITE–01 resu
comes from plutonium releases due to intern
failures at the Plutonium Facility (TA–55–4)
together, the TA–55–4 contribution and th
contribution from the low-capacity facilities
identified in SITE–01 account for 95 percent o
the total integrated population dose.  No acu
fatalities are predicted to result from th
earthquake event. 

A member of the public residing at the Roy
Crest Trailer Park has the potential of receivin
concurrent exposures to releases fro
TA–3–29, TA–50–1, TA–50–69, and TA–55–
for the postulated earthquake event.  The M
dose for this receptor location is conservative
projected to total 34.3 rem (TEDE) an
primarily results from postulated release
associated with TA–55–4 (Plutonium Facility
TA–50–37 (RAMROD), and TA–3–29.

The MAR (dominant contributors), earthquak
frequencies, and accident conditions are t
same for all four  SWEIS alternatives
consequently, accident consequences across
alternatives are also projected to be comparab
G–98
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Chemical release consequences also have been
calculated. Chemical releases for SITE–02
include the same releases as for SITE–01, plus
additional releases of 6,100 gallons of nitric acid
and 5,200 gallons of hydrochloric acid from
tanks at TA–55.  These tanks are located within
a few hundred feet of one another, and the
consequences of the hydrochloric acid release
are far greater than the nitric acid release.
Accordingly, the hydrochloric acid release was
modeled in detail (note that no emergency
response actions are assumed, with exposure
assessed as though the persons exposed are
located outdoors; both assumptions are
conservative).  The hydrochloric acid tank is
contained inside a berm; consequently, the
release rate is limited by the surface area within
the berm.  

Consequence analyses were performed
assuming a puddle of hydrochloric acid, which
is the condition expected following seismic
failure of the tank.  The consequences of the
release are provided in Table G.5.4.2–1 

G.5.4.3 SITE–03, Site-Wide 
Earthquake Causing 
Damage to All Structures/
Internals

As discussed in section G.5.4, the frequency of
SITE–03 is 7.1 x 10-5 per year.  The source term
and consequences of this accident are also
addressed above in section G.5.4.

Consequences of SITE–03 for Facility 
Workers and the Public

In this case, high-capacity facility structures a
subject to damage and collapse.  Once th
facilities are considered to be damaged by t
earthquake, conservative values are used
estimate the source terms.  These values 
consistent with the conservative assumptio
used in SITE–01 and SITE–02, but consider t
larger magnitude of this earthquakes.  T
increase in impacts is associated with the grea
inventories that are affected by the earthquak

High-capacity facility structures subject t
damage and resulting in radiological releas
for a 7.1 x 10-5 annual frequency earthquak
include TA–16–205 (Weapons Engineerin
Tritium Facility structural failure), TA–54
Area G (TRU drums overturn), TA–55–4
(Plutonium Facility structural failure), and
TA–55–185 (TRU Waste Staging Facility
structural failure).  The dominant MAR an
source terms for this scenario are associa
with TA–3–29, TA–54 Area G, and TA–55–4.

For the 7.1 x 10-5 annual frequency earthquake
source term contributions include the identifie
dominant high-capacity structures (TA–5
Area G and TA–55–4), the other dominan
moderate-capacity (TA–50–69), and low
capacity (TA–3–29, TA–50–1, TA–50–37
TA–54–38, and TA–54 Area G) structures
internals.  The mean collective population do
is projected to total 210,758 person-re
(TEDE), resulting in approximately 134 exces

TABLE  G.5.4.2–1.—Consequences of a Hydrochloric Acid Release

POINT OF COMPARISON ERPG–2 ERPG–3

Distance, Adverse Dispersion 2.0 miles 0.72 miles

Distance, Conservative Daytime Dispersion 1.0 miles 0.44 miles

Adverse Dispersion, Exposed Population 194 93

Conservative Daytime Dispersion, Exposed Population 124 36
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LCFs.  Projected doses and associated health
effects primarily result from the postulated
releases associated with TA–55–4 (accounting
for almost 82 percent of the total) and TA–3–29
(accounting for an additional 14 percent of the
total).  No fatalities from acute radiation
exposure are predicted to result from the
earthquake event.  The bounding dose at the
MEI location in the Royal Crest Trailer Park is
approximately 247 rem.  The LANL seismic
event exposures are almost exclusively from
inhalation of plutonium, for which the
exposures are more protracted and the acute
effects are correspondingly reduced or absent.

The chemical release consequences for
SITE–03 are the same as those for SITE–02
(section G.5.4.2).  

The MAR (dominant contributors), earthquake
frequencies, and accident conditions are the
same for all four SWEIS alternatives;
consequently, accident consequences across the
alternatives are also projected to be comparable. 

Recent and ongoing seismic studies have
identified the potential for ground faulting at the
CMR Building (TA–3–29).  The assessment of
ground faulting impacts on facility damage is
difficult to quantify.  For the CMR Building, the
facility structure is assumed to collapse as part
of the SITE–01 earthquake, with the CMR
basement vault being intact until an earthquake
magnitude comparable to a HCLPF of 0.34 g
(frequency of 7.1 x 10-5 per year).  The annual
frequency associated with significant (greater
than 50 centimeters) fault displacement is
estimated to be 1 to 3 x 10-5 per year.  Should
fault displacement at the CMR Building occur
in addition to other SITE–03 impacts, additional
releases from the CMR Building could result.  A
conservative sensitivity assessment of this
impact was completed.  It should be reiterated
that a detailed understanding of the additional
damage and associated releases at the CMR
Building has not been completed.  The
conservative sensitivity assessment results in an
additional 133,823 person-rem collective

population dose, resulting in about 99 addition
excess LCFs.  The MEI doses would increase
133.9 rem at the Los Alamos townsite an
99.3 rem at the Royal Crest Trailer Park.

G.5.4.4 SITE–04, Site-Wide Wildfire 
Consuming Combustible 
Structures and Vegetation

General Scenario Description 

The LANL site and surrounding vicinity are
generally forested areas with high fuel loadin
Wildfires are frequent occurrences on near
U.S. Forest Service land, with obvious potent
for encroaching on the LANL site, a
demonstrated by recent events.  For this s
wide accident, it is postulated that a wildfire 
initiated to the southwest of LANL near th
border of the Bandelier National Monument an
the Dome Wilderness Area.  While there is
potential for initiation of a wildfire at many
locations within and near the LANL site, thi
location was considered as resulting in the m
widespread impact to the site and surroundi
area.

The fire begins mid day in the late April throug
June time frame, at a time of high or extrem
fire danger, and is not extinguished in the fir
hour.  The initial location is in an area populate
with heavy ponderosa pine fuels that are fou
between roughly 6,500 and 8,200 feet (1,9
and 2,500 meters) elevation.  As the fire grow
local jurisdictions respond to the fire, but are n
effective due to remoteness, travel time, lack
road access, fire behavior, etc.  Resources fr
more distant jurisdictions are alerted, but cann
arrive in a short time because of distanc
limited roads, and opposing evacuation traffi
It proves impossible to put out the fire with th
available resources and existing forest acc
before it enters the laboratory.  Unlike the Wat
Canyon fire (greater than 3,000 acre
[1,200 hectares] in June 1954), La Mesa fi
(15,270 acres [6,180 hectares] in June 197
Dome fire (16,500 acres [6,680 hectare
G–100
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April 25 to May 5, 1996), and Oso fire (greater
than 5,000 acres [2,000 hectares] in June 1998),
the weather does not change in time to prevent
the fire from sweeping across the western part of
LANL and into the townsite.  

This specific analysis assumes a common
meteorological situation that favors the fire.  In
this scenario, the fire begins about 10:00 a.m.,
reaches a size of 1,000 acres (400 hectares) in
3 hours, and becomes a well developed crown
fire on a broad fire front containing 6,000 acres
(2,400 hectares) in the second day.  Like the La
Mesa fire (Foxx 1981), at times it advances at a
rate of 38 chains1 per hour (0.44 miles
[0.7 kilometers]).  It starts spot fires 0.5 to
1.25 miles (0.8 to 0.2 kilometers) in advance,
aided by prevailing southwest winds of 20 miles
per hour and low daytime humidity.  It easily
jumps canyons and existing fuel break lines
around LANL and the townsite.  

The daytime convection column reaches to 20
or 25,000 feet (6 to 7,600 meters).  In the Oso
fire, the fire burned as actively at night as in the
day, with flame heights on the order of 100 feet
(30 meters).  In this scenario, in order to have a
conservative (low height) plume rise,  at night
the temperature drops and the relative humidity
increases.  The nighttime plume rise is then
about 2,000 feet (600 meters).  The fire regains
its intensity at 10:00 a.m. each day.  Following
fire passage, the smoldering remains of
vegetation and structures emit smoke and
contaminants at the surface level.  

The fire reaches State Road 4 and State Road
501, the southwest edge of LANL, at noon on
the second day (see Figure G.5.4.4–1).
Protective actions are already underway by
LANL, such as relocating some radionuclides
and barricading some windows, and releasing
nonessential personnel following existing
emergency plans.  (Note that for this analysis,
credit is given only for those protective
measures that can be easily undertaken, such as

ceasing operations or simple material transfe
are given credit.)  The fuel break along the
roads proves inadequate.  At this point, the f
has progressed in areas where access is limi
hampering fire suppression activities due 
concern for the safety of the firefighters.  A
control line is established at Pajarito Road a
resources are concentrated there.  Conseque
Pajarito Road is closed and not available f
public evacuation.  The fire burns forest to th
west of and within LANL, but its eastern exten
within LANL is constrained by pinyon-juniper
woodlands and defined by fuel continuity an
density.  

From aerial photographs, it is estimated  th
these continuous fuel lines threaten TA–3
TA–15, TA–16, and TA–66, and those TAs t
their west, as well as areas in and on the edg
the forested canyons.  Following the continuo
fuel lines and steered somewhat b
southwesterly winds, the fire enters and cross
Pajarito Canyon and Two Mile Canyon, and b
1:00 a.m. of the third day burns up to th
Pajarito Road control line just west of TA–66.

Although it would be  expected that the contr
line will contain most fires, in this conservativ
accident scenario an adverse meteorologi
situation exists.  At noon on the third day, aide
by a modest daytime wind speed pickup and lo
relative humidity, the fire crosses the Pajari
Road control line between TA–3 and TA–55.  
surrounds TA–3 and TA–48, and enters L
Alamos Canyon either directly or by spotting
The fire continues down Los Alamos Canyon o
both sides of Omega Road where TA–41 a
TA–2 are located.  Because Omega Ro
continues down Los Alamos Canyon as a d
road below the Omega site, it is unsafe f
firefighters to enter Los Alamos Canyon, an
the fire progresses essentially unabated.  

From Los Alamos Canyon, the fire climbs ont
the mesas where TA–53 and TA–21 are locat
The fire also spots into Mortandad Canyon.  T
canyon fires are necessarily allowed to bu
eastward,  due to their inaccessibility, until the1. 80 chains = 1 mile (1.6 kilometers).
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FIGURE G.5.4.4–1—Location of the Los Alamos National Laboratory.
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reach the thinner stands of pinyon-juniper
common to the lower parts of the canyons.
There they come under control, by wind and
weather changes, lack of fuel continuity, by
human interference, or some combination of
these.  When there are sufficient trees on the
canyon walls, fire climbs the walls and then
ignites combustible structures and fuel at the
canyon edges.  It enters the townsite early on the
fourth day after initiation.

An alternative fire scenario could have the fire
initiate to the west of LANL and townsite in the
Santa Fe National Forest of  mixed conifer and
ponderosa pine.  This crown fire, similar to the
Oso fire of 1998, travels downslope somewhat
more slowly on a broad front.  This fire spots
only 1/4-mile or more in advance.  The present,
relatively narrow fuel break around the town
and laboratory along State Road 501 would be
overreached.  This fire also would consume the
ponderosa pine and combustible structures in
continuous fuel areas over the same western part
of LANL and townsite, and the fire would
spread down the lengths of canyons until it
encountered thin pinyon-juniper stands.  It also
could not be fought successfully because there
is no access to the National Forest west and
north of LANL and townsite, and because there
is no north-south fuel break comparable to
Pajarito Road where a control line can be
established and defended. This alternative is not
analyzed because the selected scenario is
believed  to maximize the exposure to the Los
Alamos townsite from  laboratory releases.  The
final acreage burned in both scenarios is on the
order of 27,000 acres (10,900 hectares) of which
about 8,000 acres (3,200 hectares) are within
LANL boundaries.  

On the LANL site, the fire is assumed to
consume all combustible structures in its path
that are evaluated as having moderate or higher
risk from wildfire under the LANL Building
Appraisal Program. The fire also exposes the
surface of contaminated earth previously
protected by vegetation in the firing sites and
canyons.  This text separately discusses the

exposures from fire burning the soil cover an
suspending the underlying soil, and th
exposures from burning structures.  Exposur
from canyon fires are calculated individually
thus enabling the assessment of fires of les
extent than the site-wide fire.

This accident analysis does not consider off-s
damage directly caused by the flames a
smoke from LANL fires, and does not addre
the direct effects of the fire on the townsite.  It 
recognized that there is continuous fuel joinin
the National Forest and the residential areas, a
that fires in the canyons at LANL also coul
propagate into the townsite.

Wildfire Frequency

Conditions that Favor Wildfire.   These
scenarios are quite credible, in view of th
present density and structure of fu
surrounding and within LANL and townsite, a
well as the occurrence of three major fires in t
past 21 years.  Some protection is afford
LANL by the fire scars of the previous Dom
and La Mesa fires, but there is ample fu
continuity remaining to bring an off-site
wildfire to the southwest and western bounda
of LANL.

The probability of high to extreme fire danger 
determined by the frequency of meteorologic
conditions of low precipitation for 2 to 3 week
preceding; low relative humidity for 3
consecutive days; and high temperatures.  Wh
the high to extreme fire danger exists in Ne
Mexico in May through July, there are certain 
be multiple ignition sources (from lightning
carelessness, and human causes). There is a
frequency of lightning and lightning-cause
fires in the Jemez Mountains (Armstrong 1998
From 1975 to 1996, there were 372 fire sta
(17.7 per year) in the 40,000 acre
(16,000 hectares) of Santa Fe National For
and Bandelier National Monument adjacent 
LANL.  Using as input the frequency o
different sized fires, the PROBACRE mode
yielded a 30 percent probability of exceedin
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5,000 acres (2,000 hectares) in a 5 year period
(Armstrong 1998).  Armstrong’s calculation
was made prior to the 1998 Oso fire, whose
inclusion would increase the probability.

The frequency of a large fire encroaching on
LANL is estimated as the joint probability of
ignition in the adjacent forests, high to extreme
fire danger, failure to promptly extinguish the
fire, and a 3-day spell of southwesterly to
westerly wind over 11 miles per hour (5 meters
per second), low humidity, and no precipitation.

Determining the Joint Probability of
Occurrence of Weather and Fire Danger
Conditions.  The probability of occurrence of
the weather and fire conditions needed for this
scenario were determined using wind data and
fire danger data for April through June of 1980
through 1998.  These months were chosen on
the general knowledge that fire risk and
frequency is greater in those months.  Note that
site-wide fires also are possible, but less
probable, in other months besides April through
June; thus, the annual frequency of fire-
favorable weather is somewhat greater than
quantified for April through June.

The fire danger was determined using Energy
Release Component (ERC) data obtained from
Bandelier National Monument (PC 1998b).  The
ERC is a component of the National Fire Danger
Rating System, and the adjective ratings, such
as “moderate” or “extreme,” are determined
from categories of the ERC, with higher values
of the ERC representing conditions of higher
fire danger.  Above a threshold value of the
ERC, the fire danger is “very high” and
“extreme,” and this threshold value was used to
determine days of very high and extreme fire
danger.  Interpolation was performed to
estimate for days when ERC data was missing.

In general, wind direction at any location varies
and does not persist in a single direction for a
few days.  LANL is no exception.  At LANL,
persistent daytime winds are interrupted for a
few hours when nighttime drainage winds

occur.  However, granting short interludes 
drainage flow, there are many instances 
which a dominant direction, such a
southwesterly, westerly, northerly, etc., ca
exist for 3 days without precipitation.

For determining fire-favorable weathe
frequency, 15-minute average wind data fro
the 11.5-meter level of the TA–59 and TA–
meteorological towers were used.  For each d
in April through June of 1980 through 1998, a
average afternoon wind was calculated from t
15-minute data in order to eliminate loca
diurnal changes in wind speed and direction th
are common to the area.  Average afterno
wind speeds of greater than 10 mile
(16 kilometers) per hour were chosen 
represent strong winds.  While this thresho
may seem low for a strong wind, wind gusts 
over 30 miles (48 kilometers) per hour an
sometimes over 40 miles (64 kilometers) p
hour were seen on most days when the afterno
average wind was above 10 mile
(16 kilometers) per hour.  The wind directio
thresholds were set at 180° (southerly, mean
from the south) through 292.5° (wes
northwesterly).  Three-day periods from th
same data set were then examined to determ
if the ERC, wind speed, and wind direction fe
above (or within) set thresholds.  All 3-da
periods falling within the set limits were the
extracted.

The results show that it is not uncommon to s
a 3-day period exhibiting the selecte
characteristics in a given year, and that wh
such a 3-day period appears, it is likely th
more than one such period will occur within th
year.  Specifically, the resulting statistics sho
that of the 19 years examined, 5 of the
displayed at least one 3-day period within th
limits, or 1 every 4 years.  Of these 5 years, 4
them had an average of 3.6, 3-day periods.  (
instance of 5 days in a row is counted as 3, 3-d
periods.)  This comes to 15.4 instances in 
springs.
G–104
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In summary, fire-favorable weather conditions
occur on the order of once per year; the ignition
sources are prevalent; and fire fighting is
hampered by limited accessibility.  Therefore,
this analysis concludes that a major fire moving
up to the edge of  LANL is not only credible but
likely, probably on the order of 0.1 per year.
This frequency is the same for all alternatives.

Dispersion Meteorology

As noted, only certain meteorological
conditions are compatible with such a fire. The
meteorology of June 7 to 10, 1998, was selected
for modeling the accident sequence because
these dates were recognized as a recent time of
serious fire danger to LANL.  These conditions
are regarded as conservative, in that in this
period the wind is generally from LANL toward
the nearby Los Alamos townsite and would
result in higher total population doses.  Santa Fe
is much more distant, and concentrations would
therefore be lower.  Under northwesterly winds,
exposures in Santa Fe (had the alternate
scenario been used) would  surely be less than
exposures to the Los Alamos townsite from the
southwesterly winds in this scenario. 

Exposures at 100 meters distance from burning
exposed soils are calculated using C stability
and 6.6 feet (2 meters) per second wind speed.
These exposures can be regarded as MEI
exposures, although it is unlikely that anyone
other than firefighters will be present at that
distance.  Exposures at 3,300 feet (1,000 meters)
are also reported.  In canyons, where elongated
area sources exist, the calculation provides
integrated exposure at 330 and 3,300 feet (100
and 1,000 meters) downwind of the long axis of
the area, thus maximizing the exposure.  This
situation could occur with winds turning to
follow the canyon profile, such as under
drainage wind conditions.  Thus, the calculation
applies to plumes that are destined for any
receptor within and beyond the contaminated
sections of the canyons.

Soil Resuspension Following the Fire

Suspension by the wind of a fraction of th
surface soil can occur following denuding of th
vegetation.  This has the potential of exposi
workers returning to the area, as well as t
transient public, until the situation has stabilize
and vegetation has begun to recover.  As prov
by the continuing existence of soil and as
following a fire, the suspension of fire residu
and of burned soil is very small compared to t
bulk quantity that continues to remain.  Only th
loose material would be suspended, and, if t
material is not mechanically disturbed, the ra
of suspension would taper off.  Even 
precipitation halting the suspension did n
occur, the wind direction would change man
times so that the resuspended material wo
not be transported as effectively as that from t
shorter term, initial release.  Consequent
resuspension doses are only calculated for 
individual standing directly on the contaminate
area.

Large, brief suspensions for unweather
materials occur under mechanical disturban
such as the passage of vehicles.  This is hig
dependent upon vehicle speed and wind sp
(Figure 4-23, DOE 1994d). The highes
bounding resuspension rate is 1 x 10-2 per
passage for a car driven directly through powd
tracer material on an asphalt road (DOE 1994
However, there are no asphalt roads and no 
vehicle traffic on the firing ranges, and most 
the contamination is not near roads.  Henc
suspension by vehicles will not be of th
magnitude and is not included in this analys
Rather, the direct suspension by the wind 
analyzed.

A rate of resuspension is often expressed as
ratio of the airborne concentration and the are
surface contamination, usually with the units 
meters-1.  This ratio is called the resuspensio
factor.  Its magnitude depends upon the wi
speed, particle size, and nature of the cover.  T
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resuspension factor decreases with time due to
weathering and downward migration of a
portion of the contamination.  Although most
material remains in the surface soil, it becomes
unavailable to the wind.  Sehmel (1984)
provides a substantive discussion of
resuspension factors, their use, and limitations.
Note, this concept strictly applies to the
resuspension of material deposited from the
atmosphere and applied to the soil as tracers in
experiments and may not apply to material
otherwise incorporated in the soil matrix.  Most
resuspension factors range from 10-5 to 10-11

per meter.

Note that the resuspension factor is not the
fraction of the material that becomes airborne,
and therefore cannot be treated as an airborne
release fraction (ARF) or source term for
dispersion models.  Because of the way the
resuspension factor is defined and measured, the
concentrations apply only in the immediate
vicinity (i.e., above) the contaminated soil.
Concentrations beyond the area will be much
lower, due to variations in the wind direction
and atmospheric diffusion.

Although resuspension factors are highly
irregular and poorly defined (Sehmel 1984),
they were applied to evaluate residual concerns
with reoccupying burned out contamination
areas.  A conservative resuspension factor of
1 x 10-5 meters-1   (sandy soil with charred
debris) is selected for use in this analysis (from
Section 4.4, Table 4-16, page 4-91,
DOE 1994d). The fraction of the suspended
contaminant that is respirable (less than
10 micrometers equivalent aerodynamic
diameter) at the soil surface following the fire
passage, is unknown.  The particle size is likely
to be large, as the contaminants will be attached
to soil particles; but, because it is unknown, an
RF of 1.0 is assumed. The appropriate time
period for application of this conservative value
is probably only a few days long, depending
upon precipitation, because resuspension
factors decrease by several orders of magnitude
with time.

The resuspension factor of 1 x 10-5 meters-1

was applied to the mean areal soil concentrat
in the top layer of the contaminated sites, wi
the resultant radiological exposures shown 
Table G.5.4.4.–1.  These are the estima
exposures that could occur if all th
contamination in the top soil layer were right 
the surface, if there were no precipitation or s
cover, if there were wind, and if the recepto
were standing above a spot that represented
average soil contamination for the contaminat
portion of the site or canyon.  These estima
are limited by the theoretical and experiment
problems with resuspension factors.  

In practice, before these known contaminatio
areas would be reoccupied following a fire, th
potential for exposure would be assessed a
protective actions taken as appropriate 
minimize exposure to the personnel.

Exposures from Burning Vegetation and 
Suspended Soil

Open Burn/Open Detonation Dispersion
Model.  During the burning of a vegetative
cover, some fraction of the soil is entrained in
the fire and transported and dispers
downwind.  Such downwind concentrations 
soil contaminants suspended by fire we
calculated using the Open Burn/Ope
Detonation Dispersion (OBODM) model.  Th
Open Burn/Open Detonation Dispersion Mod
(OBODM) is intended for use in evaluating th
potential air quality impacts of the open-a
burning and detonation of obsolete munition
and solid propellants at U.S. Department 
Defense and DOE installations (DPG 1997). 
can be used to calculate peak concentrati
time-mean concentration, time-integrate
concentration, and particulate deposition fro
multiple sources.  It can consider instantaneo
or quasi-continuous releases from poin
volume, and/or line sources.

The model predicts buoyant rise of the plum
from the burn and uses default mixing dept
generally representative of noncoastal regio
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in the western United States.  The minimum
meteorological input consists of wind speed and
direction at 10 miles elevation, air temperature,
and the Pasquill stability category or the Net
Radiation Index.  For OBODM wildfire
calculations, a conservative stability and wind
speed (category C and 2 meters per second at
10 miles height) were selected to maximize the
downwind exposures.  A stable atmosphere
would not represent the mixing conditions in the
daytime meteorological situations favorable to a
wildfire, and could not exist in the presence of
the wildfire.

Vegetation Fire Plume Rise.  The OBODM
model calculates the plume rise given a fuel
loading, rate of burn, and heat content of the
fuel.  It calculates the resulting concentration
distribution at specified receptor points.  The
fuel model classes and associated rates of burn
(defined pursuant to Anderson 1982) were
determined by field survey (PC 1998c) and are
given in Table G.5.4.4–2. 

Caloric values of various terrestrial food plants
and seeds are 4.5 to 5.2 cal/gm (Odum 1971).
The heat content of dead cellulosic materials
does not vary greatly (Simard et al. 1989).  For
this analysis, the heat content of both grass and
of wood were assumed to be 4.95 cal/gm
(20.7 J/gm) (Wilgen et al. 1990). The fuel
models contain the sum the dead and live
vegetation in various conditions of dryness and
have an associated rate of fire spread.  The range
of uncertainty in the fuel load is large enough
that the uncertainty in the moisture content, heat
content, and rate of burn is not material.  The
total heat produced is used only to calculate the
plume rise, which has only a modest effect on
concentrations at moderate to large distances
from the source.

Areas of Contaminated Soil Analyzed.  The
areas of contaminated soil were identified as
PHERMEX Firing Site and EF Firing Site in
TA–15, Potrillo Canyon (from runoff at the EF
Firing Site), DP Canyon and Los Alamos
Canyon below TA–21, and Mortandad Canyon

below and east of TA–35.  The radioactiv
waste lagoon at the end of TA–35 has cattails
it, but contains water. Acid Canyon receive
untreated waste water until 1953, then treat
waste water until 1963.  It has been cleaned 
but residual contamination still shows up in th
Acid Weir sediment trap.  The area o
contamination in Acid Canyon is estimated a
3.3 feet wide by 330 feet long (1 meter wide b
100 meters long) (PC 1998d).  Acid Canyo
empties into Pueblo Canyon, which also is 
low concentrations. Other, numerou
contaminated areas that have been covered w
clean soil are not at risk of suspension duri
and following wildfire and therefore were no
evaluated.  Ten Site Canyon below th
Radioactive Liquid Waste Treatment Facility i
TA–50 was not evaluated, as its contaminati
is primarily strontium-90, which has a lowe
dose conversion factor than plutonium an
because it has such low concentrations that i
no longer sampled (PC 1998e).

The contamination levels were obtained fro
several publications, as identified at variou
places in this text and in the summa
Table G.5.4.4–2.  To be conservative, the to
amount in the upper tier of sampled soil, usua
0 to 1 or 0 to 3 inches (2.5 or 7.6 centimete
depth, were assumed to be entirely on t
surface and exposed to the fire.  

Airborne Release Fractions During
Vegetation Fires.  The model OBODM
requires as input the fraction of contaminatio
present in the fuels being burned.  For the
calculations, the ratio of this suspende
contamination to the mass of fuel burned ov
the same area was presented to the model. 
get this ratio, the mass of contaminatio
suspended during the fire passage is the prod
of the contamination in the top layer of surfac
soil and the release fraction.  For th
assessment, all the contamination in the t
layer of soil is assumed to be released with 
release and respirable fraction (ARF x RF
appropriate to uranium metal under therm
stress. 
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For contamination in the soil, duff and litter, the
burning temperature is going to be low and the
burning time short, with the fire front
progressing at 0.2 to 0.44 meter per second in
timber and grass, respectively.  The possibility
of shrapnel in trees is recognized.  However,
there are few trees around the firing sites, and
the release fraction from burning DU is small.
Uranium is not capable of continued burning
after the fire has departed, and so the burning
release time would be short.  The ARF x RF for
uranium metal under thermal stress is taken
from DOE 1994d, Section 4.2.1.2.1, page 4-42.
The observed geometric mean ARF x RF is 1 x
10-4, with a 95 percent confidence level ARF x
RF of 4 x 10-4.  In this analysis, the value 4 x 10-

4 also is used for beryllium and its compounds
in the absence of experimental data dealing
directly with beryllium.  There are no release
fractions available for radionuclides other than
plutonium and uranium in the DOE-HDBK-
3010-94 (DOE 1994d) or in the Nuclear Fuel
Cycle Facility Accident Analysis Handbook
NUREG/CR-6410 (NRC 1998).  The bounding
ARF x RF for powders subjected to thermal
stress are 6 x 10-5 for nonreactive compounds
and 1 x 10-5 for reactive compounds (DOE
1994d, Section 4.4.1, page 4-61).  For
consistency, the conservative ARF x RF of
4 x 10-4 also was used for other nuclides in
contaminated soils.

Contamination in Plants and Animals.  Small
mammals have tissue/soil uranium ratios of 10-3

and 10-4  (Miera et al. 1980), and tissue/soil
cesium and strontium ratios on the order of 1.0
(Whicker and Schultz 1982, Table 17).  (It is
unclear whether these ratios are wet or dry
weights in the animals, plants, and soils.)  For
the reasons of their low concentration ratios,
their escape ability, and their very small total
mass compared to that of the vegetation,
animals are ignored as a source of airborne
nuclides in this analysis.  

The NRC has published a list of plant/soil
concentration ratios (NRC 1977).  The ratios for
stable strontium and cesium are 0.017 and 0.01,

respectively, although there will be cases whe
observed values differ substantially (Whicke
and Schultz 1982).  Whicker and Schultz stat
that the ratios for uranium range from 10-4 to
over 10-1, that ratios for plutonium are
particularly dependent on chemical form, an
that ratios for americium are perhaps 100-fo
higher than plutonium.  Plants growing whe
uranium concentrations in surface soils were 
times to 3,500 times background, hav
exhibited uranium concentration factors of 0.0
(spring) to 0.08 (fall).  Late fall standing dea
vegetation at the EF site average
320 micrograms uranium per gram of dr
vegetation (Miera et al. 1980).  Applying thi
observation, the 1,987 kilograms of vegetatio
at the EF site would contain 0.64 kilogram o
depleted uranium, all of which would
presumably become airborne in the fir
Application of the ARF of 4 x 10-4 to the EF site
soil would produce 0.27 kilogram of airborn
depleted uranium.  Thus, the dose from burni
vegetation could contribute 2.37 times the do
from the suspended soil, and the doses could
3.37 times the value given for soil alone in th
final column of Table G.5.4.4–2.

Wenzel et al. (1987) studied  radionuclid
concentrations in soil, litter, and  vegetatio
growing in a TRU waste area, and conclud
that a higher resolution sampling is needed f
cesium-137 and plutonium-239/plutonium-24
to interpret surveillance results and produ
reliable risk assessments.  Their observatio
suggest that the concentrations of the
nuclides, and of depleted uranium, in vegetati
is always less than the concentrations in the 
0.8 inch (2 centimeters) of soil, and generally 
order of magnitude less.  

Thus, it is concluded that the doses in the fin
column of Table G.5.4.4–2 could be increas
by a factor of three or four to account for th
contamination in the vegetation above grou
that becomes airborne.

Beryllium Exposures.  The 8-hour time
weighted average for worker exposure 
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beryllium and its compounds is 0.002 milligram
per cubic meter.  The acceptable maximum peak
for a maximum duration of 30 minutes
is 0.025 milligram per cubic meter
(NIOSH 1997).  These are not thresholds that
will protect all people but are useful for
comparison to the concentrations from burning
over the PHERMEX site.  The beryllium
concentrations calculated by OBODM
(Table G.5.4.4–2) were 0.0008 milligram per
cubic meter, much less than these thresholds.

Conclusions as to Doses Downwind from
Firing Sites and Canyon Fires.  The doses at
330 feet and 3,300 feet (100 meters and
1,000 meters) downwind from fires over
individual firing sites and canyons are provided
in Table G.5.4.4–2.  The doses assume that the
receptor remains at those locations for the full
time of the plume passage.  This can be a long
time, as the fire front advances at about 0.7 foot
per second (0.2 meter per second) in the canyon
timber.  At this speed, the fire takes 13.5 hours
to burn the contaminated area of Pueblo
Canyon, 8.9 hours for Los Alamos Canyon,
4.8 hours for Mortandad Canyon, and 1.7 hours
for DP Canyon, but only 0.42 hours for Potrillo
Canyon and 20 minutes for the EF site.  

The largest doses from the vegetation fires are at
330 feet (100 meters) downwind of the firing
sites, EF (0.21 millirem), and PHERMEX
(0.18 millirem).  The 5 x 10-7 LCF per millirem
risk factor can be applied to the doses in
Table G.5.4.4–2, to receive assurance that there
are no effects expected from the radiological
exposures from burning vegetation and ground
cover over soils.  If the total area of
contamination is small, such as for the firing
sites and Acid Canyon, then the same values
would apply for any wind direction.  For the
other canyons, however, the exposure is
integrated for the entire length of the canyon
fire, and so the exposure to the side of the
canyon would be less than given in
Table G.5.4.4–2.

Because the canyons are parallel, a recep
cannot be directly downwind from more tha
one canyon, and hence, the exposures fr
multiple canyons should not be added to obta
a new MEI dose.  In order for a receptor 
receive exposure from multiple canyons, th
wind would have to be transverse to them, as
would be in this site-wide fire with the
southwesterly winds.  However, if the win
were transverse to multiple canyon fires, th
orientation of the canyons would assure that t
dose from each would be much less than tho
shown at 100 meters distance 
Table G.5.4.4–2.  One must conclude that, 
matter the orientation of the wind, sources, a
receptors, the MEI dose from site-wid
vegetation fires must be less than 1 millirem.

Delayed Emissions Following Building Fire

The smoke or emissions from building remain
following the fire passage were not modele
The entrainment of surrounding air by stron
fires will capture much of the delayed emissio
that occur soon after passage of the fire fro
converting them into an elevated release as p
of the main fire.  However, in the LANL
landscape there may not be an inten
continuous fire front; hence, some of th
contaminants in the surface emissions m
travel and disperse at low elevations.  Th
relative amount of the contaminant that is and
not entrained into the main fire plume cannot 
evaluated.

Evaluation of Building Fires

This section analyzes potential individual an
population radiological and chemical exposur
from buildings burning as a result of wildfire
initiation.  Each building was first screened fo
its vulnerability to wildfire.  Those that were
evaluated as vulnerable were then screened
chemical and radiological inventories.  Fo
those with significant inventories, the dose
from the fires were then obtained from previou
fire analyses (such as in SARs or this SWEIS)
newly calculated using the MACCS code.
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Criteria and Process for Determining
Building Vulnerability to Wildfire.   The
evaluation of  vulnerability to wildfire is on the
basis of building construction, materials and
exposure, slope, and the quantity and structure
of external fuel as described below.  The total
wildland fire vulnerability  was  calculated for
this SWEIS by the LANL Fire Protection
Group.  The vulnerability is the product of the
structure hazard times the sum of the fuel hazard
and slope hazard, as defined below.

The Structure Hazard Rating considers the
combustibility of the exterior structure:     

• Underground—0
• Noncombustible exterior (windowless)—1 
• Noncombustible (window exposures)—2 
• Combustible exterior—3

Fuel Hazard.  This is the product of two
components, fuel loading and distance factor.
The fuel loading  is taken as zero for short grass
and asphalt, and for other conditions is
determined by the fuel model type, as described
in Aids to Determining Fuel Models For
Estimating Fire Behavior (NWCGP 1982).

The distance factor, DF, expresses the distance
of the fuel from the structure.  

• DF—0,  distance  is greater than 4 times the 
height of the fuel.

• DF—1,  distance  is greater than 2 times the 
height of the fuel.

• DF—2,  distance  is the height of the fuel. 
• DF—3,  distance  is less than 1/2 the height 

of the fuel.

Slope Hazard.  Exposing slopes are rated as
follows:     

Slope Hazard                 Slope

5              Mild (0 to 5%)

10               Moderate (6 to 20%)

15               Steep (21 to 40%)

20               Extreme (41% and greater)

The total vulnerability is then calculated as th
product of the structure hazard times the sum
the fuel hazard and slope hazard.  This num
is converted to a word description as follows:

Numerical rating Vulnerability     

0 to 5 None

6 to 49                   Very Low

50 to 79               Low

80 to 149               Moderate

150 to 259               High

260 and above             Extreme

Note that this LANL system does not provide
probability that a wildfire will approach the
building, or that any particular building will
burn in a fire.  Rather, it sorts which building
are more likely to be damaged or destroy
should a wildfire approach.  Table G.5.4.4–
lists the buildings that have a moderate or high
risk, have also been assigned a hazard categ
in the publication LANL 1998a, and were
subsequently evaluated for public exposu
from wildfire.  Other buildings have no
significant amounts of MAR and were no
evaluated for this accident analysis.  

For each building that has a moderate or high
vulnerability and appears in LANL 1998a, 
determination was next made as to wheth
further analysis of public exposure was neede
Table G.5.4.4–4 provides the results. Som
buildings were eliminated based on updat
inventories, as having no significan
inventories, or an inventory that was prese
only for brief periods.  These determination
appear in the columns headed “Comments a
EIS Assessment.”  The comments colum
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Accident Analysis
TABLE   G.5.4.4–3—Evaluation of Vulnerability of LANL Buildings to Wildfire

TECHNICAL 
AREA

BUILDING
WILDLAND 

RISK
NUCLEAR 
FACILITY

HAZARDS
CONST. 
TYPE 

COMMENTS, AND 
TENTATIVE 
INVENTORY 

PENDING 
VERIFICATION

TA–02 44 Moderate No Rad 1

TA–02 49 Extreme No Rad 3 Cooling Tower

TA–03 130 Moderate Yes Rad 2

TA–03 16/208 High No Rad 2

TA–03 494 Moderate No Rad 2

TA–03 66/451 High Yes Rad, Chem 2 Nitric acid, fuming 
(6,484 lbs.), 

hydrochloric acid 
(3,130 lbs.), 

hydrofluoric acid 48 to 
51% (490 lbs.)

TA–08 65 Moderate No Rad 1

TA–08 70 Moderate Yes 2

TA–15 183 Moderate No Rad 2

TA–16 205 Moderate Yes Rad 2

TA–16 248 Moderate No 2

TA–16 255 High No 3 Exposes 16 to 205

TA–16 414 Moderate No Rad 2

TA–16 459 High No 3 Exposes 16 to 205

TA–18 32 Moderate Yes Rad 2

TA–21 155 Moderate Yes Rad 2

TA–21 209 Extreme Yes Rad, Chem 2

TA–21 61 Moderate No 2

TA–35 110 High No Rad 3

TA–35 213 High No Rad, Chem 2 Nitric acid (406 lbs.)

TA–41 2 Moderate No 2

TA–41 30 Moderate No 2 Outside rad storage

TA–41 4 Moderate No 2

TA–43 1 Extreme No Rad, Chem 2 Hydrochloric acid 
(483 lbs.)

TA–46 208 Moderate No Rad 3

TA–46 217/218 Moderate No 3 Exposes 46 to 75

TA–48 1 Moderate No Rad, Chem 2 Sulfuric acid 14% 
(2,400 lbs.), hydrogen 

fluoride solution 
(663 lbs.), chlorine 

(223 lbs.)
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TA–48 45 Moderate No Rad, Chem 2 Nitric acid (1,812 lbs.),
hydrochloric acid 

(545 lbs.), hydrofluoric 
acid (23 lbs.).  Bldg. not 

in LANL 1998a 

TA–51 11 Moderate No Rad 2

TA–51 12 Moderate No Rad 2

TA–53 1 Moderate No Rad 2

TA–53 3 Moderate No Rad, Chem 2

TA–53 Rad Waste 
Lagoon

Moderate No Rad 2

TA–54 153 Moderate No Rad 3

TA–54 215 Moderate No Rad 3

TA–54 224 Moderate No Rad 3

TA–54 226 Moderate No Rad 3

TA–54 229 High No Rad 3

TA–54 230 High No Rad 3

TA–54 231 Moderate No Rad 3

TA–54 232 Moderate No Rad 3

TA–54 283 Moderate No Rad 3

TA–54 33 High No Rad 3

TA–54 48 Moderate No Rad 3

TA–54 49 Moderate No Rad 3

TA–54 Area G, 
Pad 2

Moderate No Rad 3

TA–55 107 Moderate No 3

TA–59 118 High No 3

TA–59 119 High No 3

TA–59 32/33/34 Moderate No 3

TA–59 35/36/37 Moderate No 3

Notes: For construction type, 0 = Underground, 1 = Noncombustible/Windowless, 2 = Noncombustible, 3 = Combustible.

TABLE   G.5.4.4–3—Evaluation of Vulnerability of LANL Buildings to Wildfire-Continued

TECHNICAL 
AREA

BUILDING
WILDLAND 

RISK
NUCLEAR 
FACILITY

HAZARDS
CONST. 
TYPE 

COMMENTS, AND 
TENTATIVE 
INVENTORY 

PENDING 
VERIFICATION
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contains suspected inventories, pending
verification.

Public Exposures from Burning Buildings.
Those building fires with integrated population
and MEI inhalation exposure from burning
buildings are also presented in summary
Table G.5.4.4–5.  Analyses already existed for
some buildings in SARs and elsewhere in this
SWEIS, such as the case for the aircraft crashes
and fires in TA–21 and TA–54, identified as
RAD–05 and RAD–08.  The exposures assume
no sheltering inside buildings or vehicles and
that no protective actions are taken by the
individual at those locations. Although Area G
is not in the direct path of the fire, it borders a
canyon and could be victim to a canyon fire
even in the absence of a site-wide fire.
Therefore, it also has been included in the
wildfire analysis.  The reader may evaluate
the consequences of a partial site-wide wildfire
and/or canyon fires by selecting individual
canyons from summary Table G.5.4.4–2 and
individual facilities from Table G.5.4.4–4 for
summation.

Vulnerable buildings and the outdoors in the
fire path were screened for their chemical
inventories.  No new inventories were found
that were not available for the analysis of the
site-wide earthquake (sections G.5.4.1 and
G.5.4.2).  For fire-vulnerable facilities, the
earthquake chemical results were accepted for
the site-wide fire, and entered into
Table G.5.4.4–4.  Note that, whereas the
chemical releases in the earthquake were at
ground level, the chemicals in the plume from
the fire would be at higher elevations, and the
concentrations at ground level would be much
less.

Note that the meteorology used for dispersion in
the different SARs and for the radiological
accidents RAD–05 and RAD–08 in this SWEIS
are not the same as that posed for this wildfire.
The SARs use more conservative dispersion
with low wind speed and stable conditions and
will have a higher dose than if they had used

wildfire meteorology.  The wildfire has
significantly stronger wind and a neutral o
unstable atmosphere, strongly affected by t
fire itself.  The SWEIS uses representativ
meteorology for an entire year and presents
mean MEI (section G.2.4).  The representati
meteorology includes winds blowing away from
any receptor, and the full range of stabilitie
weighted by frequency of occurrence.  Th
wildfire meteorology would possibly result in
the same dose to the MEI and population as d
the mean meteorology because it may be clo
to the annually typical stability and wind spee
It was concluded that, due to the magnitude 
the doses  and the conservative assumption
the wildfire scenario, and the uncertainty of th
population distribution during the fire, new
calculations were not warranted for RAD–0
and RAD–08.

There are no differences in wildfire frequenc
among the alternatives.  The consequences
not vary with alternatives, except that th
inventory and consequences are reduced 
25 percent in RAD–05 under the Reduce
Operations Alternative.

Population Exposures

The following information on the expose
population is based upon the Los Alamo
County Emergency Plan and the LANL Closu
Plan (PC 1998f).  In the event of a wildfir
approaching from the south, LANL would begi
evacuation of the southern area of LANL a
soon as it was determined that the fire pose
threat, and proceed north with the evacuatio
Personnel deemed essential to shutdo
operations would remain until such actions we
completed.  Some emergency respon
personnel and security personnel would rema
at all times in some areas. There are 10,2
LANL employees (including contractors), o
which approximately 4,000 live outside of Lo
Alamos County and 6,200 within Los Alamo
County.  The main hill Road 502 will evacuat
800 cars per hour, and the combination of t
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East Jemez and Pajarito roads will evacuate
another 800 cars per hour.

In a realistic scenario, evacuation of the town
begins when the fire is well into the LANL site,
but is impeded because of panic, accidents, and
the very limited road system, including the
closure of Pajarito Road.  Some fraction of the
population refuses to leave, and a significant
number are relocated to the eastern edge of the
town where there is less fuel load.  Los Alamos
has 11,500 residents, and White Rock has 8,000
residents.  Los Alamos County estimates there
are 2.4 people per family, and that 25 percent of
the families will take two vehicles instead of
one.  It is accepted that the 6,200 LANL
employees will all go home before evacuating
the mesas.  The 4,000 people living off the hill
will take 1.25 hours to evacuate at two people
per car in the absence of  accidents.  If all the
employees go home first, the people living off
of the hill may have cleared before the townsite
begins.  There would be 6,832 cars to leave the
hill, which would take 4.3 hours.  This is based
on 2.4 people and the 25 percent extra vehicles.
It should also be noted that up to 10 percent of
the people might refuse to evacuate.

Because the differing population density as a
function of time cannot be predicted, the results
of the MACCS calculations must be presented
as exposures to the same populations and
receptors as used in the other accident analyses.
Under the conservative assumptions applied in
this analysis, the collective population dose
from the wildfire consuming buildings is
estimated to be about 625 person-rem.  To this
there may be added another 50 person-rem to
capture the minor exposures from burning
vegetation and from unidentified residual
contamination in other buildings and
vegetation.  Most of this dose, about 75 percent,
would come from the TA–54 Waste
Management Complex.  A population exposure
of 675 person-rem would be expected to result
in 0.34 excess LCFs.

Effects on Workers

All threatened workers would be evacuate
prior to arrival of the fire front.  Aircraft crashe
with fatalities have occurred while droppin
slurry on wildfires.  Firefighters on the groun
are at risk if they enter an area without a
alternate escape route, and there have b
historical fatalities from such events.  Howeve
because life safety is given first priority ove
protection of property at LANL, it is not likely
that there will be worker fatalities.  Som
firefighters and other emergency personnel a
likely to have significant but transient effect
from smoke inhalation.

Ancillary Environmental Effects

Firewater.  Firewater (water used in fighting
building fires) at nonnuclear facilities is
captured by outdoor containment and tempora
dikes erected for fire fighting.  Firewater a
nuclear facilities is captured by the drain syste
and is sent to TA–50 for processing
Conceivably,  some radioactively contaminate
water could reach the outdoor environment, b
would be of such small volume that it would no
leave the building environs.  Resultan
contaminated soil would be eroded, pending t
return of vegetative cover.  As with othe
contaminated soils, the environmental an
human health threat from the new
contamination would be assessed and mitigat

Loss of Protective Cover.  The charred plant
remains following a severe wildfire are the on
immediate visual consequences. Th
consequences of a wildfire are divers
continuing through time and space, an
frequently having significant changes i
geomorphology and biological communitie
and processes.  LANL is perhaps unique 
potential consequences, because in addition 
rich presence of biological communities an
cultural remains and resources, there exists s
bearing legacy contaminants from historic
operations.
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Trees, grass and herbaceous cover, and forest
litter are important features in stabilizing soils
by:  (1) reducing the velocity and impact of
falling raindrops; (2) reducing the velocity of
runoff, thereby encouraging infiltration and
discouraging its transport by water and wind;
and (3) reducing runoff quantities.  Loss of
vegetative cover will create a setting that can
have pronounced effects on flow dynamics, soil
erosion, and sediment deposition.  These
changes also can have significant ramifications
for plant and animal communities and cultural
resources.

Runoff, Soil Erosion, and Sedimentation.
Without a protective ground cover, runoff
quantities and velocities will be magnified, and
soil erosion by water and wind will begin
immediately.  Contributing to this condition will
be the likely formation of an ash layer that will
inhibit the infiltration of runoff.  Decreased
infiltration will increase the quantity and
velocity of surface runoff, promoting higher
channel volumes and watershed discharges.
These higher runoff quantities will be
discharged into the Rio Grande where they will
contribute to the overall floodwater storage of
Cochiti Lake. Modified hydrologic conditions
likely will cause some watercourses that have
only rarely had sufficient flows to reach the Rio
Grande to increase their  frequency of discharge.

Commensurate with higher runoff quantities
and velocities will be an increase in soil erosion.
Sheetflow will begin transporting soil
suspended by rainfall droplet impact.  Both rill
and gullying will begin on sloping ground
surfaces with the first significant rainfall event.
Higher channel volumes and velocities will
promote both downward and lateral scouring of
channels in the steeper portions of the watershed
and sediment deposition in the lower portions.
(These conditions depend on quantity of runoff
discharges and resulting changes in channel
hydraulics.)  Headcutting will increase
throughout the channel system.  Delta formation
will increase at the confluence of watercourses
tributary to the Rio Grande, and added sediment

will contribute to the depletion of the sedimen
reserve of Cochiti Lake.

The gradual establishment of ground cover w
correspondingly retard soil erosion and a mo
stabilized hydrologic regime will return.

Effects on Legacy Contaminants.  Active
erosion processes have moved som
contaminants bound to sediment from th
watershed into the Rio Grande, mainly a
suspended sediment and bedload sedime
Conversely, many of the remaining legac
contaminants at LANL are present in situ o
have not been transported far from their orig
or remain on site. Water transport is a maj
mechanism for the transport of contaminan
both in the dissolved and suspended sedim
phases. Because vegetation acts to hold soil 
reduce erosion, its loss (however short ter
may significantly increase the potential fo
erosion and the transportation of contaminan
Some water courses have only rarely h
sufficient flow to reach the Rio Grande, an
because of this they have become “dischar
sinks” for some contaminants.  Increases 
runoff amounts and frequency will increase th
potential to remove and transport contaminan
from the ground surface and subsurface a
stream channels on LANL into the Rio Grand
and downstream to Cochiti Lake.

Effects on Biological Systems.  Although fire
is a natural part of biological systems
anthropogenic influences such as grazin
logging, and fire suppression have produc
conditions that have pronounced adverse effe
on forest ecosystems.  Natural high-frequenc
low intensity fire regimes have been replace
with low-frequency, high-intensity fires tha
consume a higher percentage of vegetation. 
reflected in other nearby areas that ha
experienced severe wildfires in the past (e.
Water Canyon, La Mesa, Dome, and O
Complex fires), a wildfire at LANL will result
in a period of disequilibrium with a reversion t
early seral development and a correspond
change in animal use (Allen 1996).  Fire debr
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fallen trees, and needle cast will gradually begin
to check erosion and develop soil conditions
that will promote the establishment of grasses
and herbaceous vegetation that will in turn
further reduce erosion.  This gradual re-
establishment of ground cover will begin the
dynamic process of seral progression toward a
wooded or forested plant community.  

A loss of forest or woodland habitat will result
in a temporary loss of habitat for a broad
spectrum of animals.  As vegetation is re-
established an altered community of animal
species will follow, its composition changing
with the evolution of the plant community.  The
pattern of burned vegetation will play a
significant role in renewed wildlife use.  Early
plant communities of grasses and herbaceous
growth can have a high biomass and species
diversity as exhibited by nearby areas affected
by recent wildfires.  This expansion of grass and
herbaceous growth could provide additional
forage for the large elk population in and around
LANL and contribute to existing management
concerns.  

Impacts on threatened and endangered species
(e.g., the Mexican spotted owl) will depend on
several factors such as the burn pattern, the time
of day that the burn occurs, the type of fire,
topography, and if nesting is occurring.
Threatened and endangered species have
remained or returned to nearby areas that have
experienced recent burns.  Some species, such
as the peregrine falcon, could benefit through
improved foraging habitat.  Individual response
to fire also will vary.  Perhaps the most
significant impact to threatened and endangered
species precipitated by a wildfire could be the
general disturbance caused by the fire fighting
effort itself (e.g., fire fighting crews, aircraft,
and vehicular traffic).  

As discussed previously, increased runoff
discharges will result in a commensurate
increase in channel scouring, enlargement, and
headcutting.  This process and any
accompanying sedimentation will have the

potential to degrade or remove the limite
riparian vegetation on LANL.  Wetlands
associated with water courses also would 
affected, and perhaps several would be remov
for a period of time because of changes 
channel morphology.  With the degradation 
riparian vegetation and wetlands would be 
associated reduction or loss of habitat for
variety of invertebrates, small and larg
mammals, amphibians, reptiles, and a divers
of birds.

Any impacts of contaminants transported 
downstream riverine and lacustrine ecosyste
is unknown, but there could potentially be a
increase in ecological risk.

Effects on Cultural Resources.  LANL is
located in a region of abundant and cultura
significant prehistoric and historic resource
including traditional cultural properties.  As
stated, fire is a normal feature of the landsca
and has played and continues to play a natu
role in the culture of regional communities
Because of anthropogenic influences, t
character of recent fires will be different from
historic fires and will affect resource
differently.  Also, the need to protect proper
and life from wildfire will necessitate measure
that can affect cultural resources.

As discussed, high intensity fires can burn 
appreciable amount of ground cover an
accelerate erosion. Surface erosion c
physically disturb surface features and confu
and distort the contextual integrity of the sit
More pronounced erosion in the form of gull
formation and lateral bank cutting ca
permanently remove site features. Also, a hi
intensity fire can scorch organic remains locat
near the ground surface, decreasing th
interpretive value.  Historical structures ca
suffer through direct incineration. Damage 
these resources also can occur as a consequ
of vehicular traffic and mechanical disturbanc
(e.g., bulldozers and fire trucks) and other s
disturbing activities connected with th
firefighting effort.
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Traditional cultural properties present on and
adjacent to LANL include ceremonial and
archaeological sites, natural features, ethno-
botanical sites, artisan material sites, and
subsistence features.  These resources are an
integral part of the landscape and almost
certainly are and have been affected by natural
fires.  Because of the altered character of fires,
these resources may be affected to a greater
extent.  Depending on the characteristics of
these properties, they could either be
permanently or temporarily affected by a
wildfire and its subsequent ancillary effects
(e.g., erosion).

Mitigation

The next fire season begins in April 1999.  As a
result of the process of this accident analysis,
actions were initiated to reduce the wildfire risk
to major facilities with significant radiological
inventories.  Specifically, considerations were
given to reducing the risk to low or very low for
the following facilities:  

• TA–3 Building 66/451, Sigma 
• TA–54 (Area G) Pads
• TA–21 Building 209, Tritium Science and 

Fabrication Facility (TSFF)
• TA–21 Building 155, Tritium Storage and 

Test Assembly (TSTA)
• TA–16 Building 205/205A, Weapons 

Engineering Tritium Facility (WETF).

Nevertheless, the public exposure from these
specific facilities has been included in this
wildfire analysis.  With the completion of these
actions, the population dose from site-wide
wildfire would be reduced from an estimated
675 person-rem to 50 person-rem, with
associated 0.25 excess LCF.  In addition,
although no credit is taken for it in this analysis,
the long-term environmental restoration of
contaminated sites will reduce airborne nuclides
suspended by vegetation fires over those sites.

There also is an ongoing, interagency,
collaborative program to reduce the threat of

catastrophic wildfire from occurring at LANL
and the townsite by thinning and removin
vegetation at the perimeter and in th
surrounding Santa Fe National Forest a
Bandelier National Monument.  This wil
reduce the frequency and intensity of wildfire
that could impinge on LANL.

Uncertainties

The frequency of wildfire impinging on LANL
was estimated as 0.1 per year under the curr
fuel conditions in the surrounding forest an
perimeter.  This frequency includes wildfire
approaching from the north through west an
south.  When fire enters LANL or originate
from within LANL, there are numerous credibl
scenarios, most of which consume less of t
LANL area than is covered in this analysi
Specifically, this analysis presumes that the f
jumps the Pajarito Road or any other establish
control line, spots or otherwise burns into a
contaminated canyons, and successfully clim
canyon walls to ignite combustible building
with moderate and higher wildfire vulnerability
The frequency of such a site-wide fire is sure
less than 0.1 per year.  The consequences 
complete burning of the western portion o
LANL are presented in accord with th
conservative nature of this SWEIS as a whole

The plume rise calculated by OBODM in th
canyon fires is likely to be much less than th
which would actually occur resulting in lowe
doses at a distance of 330 and 3,300 feet (1
and 1,000 meters).  This analysis used only 
heat content of the fuel over the contaminat
area; whereas, there is much fuel to the sides
the fire, and the combined heat would loft th
plume thousands of feet.  The observ
convection columns in the past major fore
fires would carry most contaminants far abov
the breathing zone of downwind individuals.

The wind speed used for dispersion of airbor
material from the contaminated site fires wa
only 2 meters per second, which is probably le
than would occur during a wildfire.  The dose
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are inversely proportional to the wind speed,
such that if the observed wind were 6 meters per
second, the dose would be 1/3 that calculated.

The fraction of the suspended contaminant that
is respirable (less than 10 micrometers
equivalent aerodynamic diameter) is unknown.
According to Section D.5 of the DARHT EIS,
the uranium in the soil is not all respirable.  The
particle size of the airborne soil contamination
is likely to be large because the contaminants
will be attached to soil particles preceeding the
fire and to soil and smoke particles in the plume.
Because the airborne contaminant particle size
is unknown, an RF of 1.0 is assumed.  This is
very conservative.

The White Rock and Santa Fe population is
included in the MACCS calculations.  The
additional MACCS calculations for WETF and
Sigma made for this wildfire analysis used the
winds observed June 7 to 10, 1998, which are
toward the Los Alamos townsite; whereas, the
previous calculations for the other facilities
used representative annual meteorology from
1995 (as described in section G.2.4).  Because
population is not evenly distributed about these
sources, there would be a difference in the
integrated population dose (i.e., in the person-
rem) depending upon the meteorology used.
Because the source inventories at the buildings
vulnerable to wildfire do not vary significantly
among alternatives, this does not affect the
decision.  (The inventory at TSTA is reduced by
25 percent under the Reduced Operations
Alternative.)

The model calculations for dispersion of the
plumes, for canyon sources several and more
kilometers long, are most uncertain.  The source
was input as a volume having the dimensions of
the width and length of the contaminated area,
oriented along the axis of the wind direction.
Differences in concentrations downwind are
noted if the source is entered as a volume source
versus a line source.  The model also objects to
a burning time longer than 60 minutes, and was
manipulated into accepting these extensively

long volumes and longer burn times.  Th
60-minute limitation in the model is likely
intended to prevent the user from exceeding 
bounds of experimental data, most of which 
for 10 to 30 minute releases.  There are no fie
experiment data to which the canyon results c
be compared.  However uncertain, th
radiological exposures predicted for the cany
fires are orders of magnitude less than t
100 mrem annual limit for public exposure from
routine releases.

It has been estimated that there would 
50 person-rem from burning of buildings wit
residual contamination and from identified an
unidentified contaminated soil/vegetation area
This is a number not supported or disputed 
hard data, and is believed to be ve
conservative.

There are no release fractions available f
radionuclides other than plutonium an
uranium.  For consistency only, the ARF x R
of 4 x 10-4 for uranium was also used
for plutonium, americium, and cesium in
contaminated soils, which is conservative f
plutonium by a factor of 7, and therefore
overestimates the bounding doses for mix
nuclides and TRU in Table G.5.4.4–2 by th
factor.

There is no ready evidence that burning of t
vegetation over the firing sites would produc
detectable airborne DU.  The U.S. Army teste
DU projectiles at the Jefferson Proving Groun
releasing 50 metric tonnes of uranium in 
4 year period, of which 45.5 metric tonnes we
not recovered from the area.  Special samp
showed that most of the DU was on or near t
surface.  The vegetative undergrowth w
regularly controlled through burning, at whic
time high volume particulate air samples we
collected.  Analyses of the air samples did n
detect any DU (Abbott 1988).  For DU
munitions in an intense wood-fuel oil fire
burning for 2 hours, no airborne DU wa
collected in the air samplers at various distanc
out to 328 yards (100 meters), and 0.01 
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residual oxides was in the respirable size range
(DOE 1994d).

The MEI and population doses do not take credit
for sheltering in vehicles or buildings, which
will easily reduce doses to 1/2 to 1/20 of that
outdoors (Engelmann 1990, Engelmann et al.
1991).  It should be noted that airborne
contamination will be in the smoke, which
people are inclined to avoid.

About 400 person-rem, or 75 percent of the total
population exposure of 675 person-rem, results
from a wildfire at TA–54.  The results from
RAD–08, an aircraft crash-initiated fire at
TA–54, were used for the wildfire.  The two
fires would be quire different, one entailing
aircraft fuel that will challenge waste
containers.  At present, the combustible loading
within the dome structures is small, so that
RAD–08 results very conservatively bound the
consequences of a wildfire at TA–54.

Another 189 person-rem results from total
release of the tritium inventory at WETF,
including 1,260 grams in storage, which is
assumed to bound an increased administrative
limit that may be established.  The storage
containers are resistant to fire, but have been
assumed to release their entire content in
tritiated water form, in accord with the highly
conservative nature of this analysis.

G.5.5 Chemical Accidents

G.5.5.1 CHEM–01, Single Cylinder 
Release of Chlorine from 
Potable Water Chlorinator

General Scenario Description

Accident scenario CHEM–01 postulates a
chlorine gas leak from a single cylinder at a
potable water chlorination station. The accident
is initiated by equipment failure or human error
during chlorine cylinder replacement or
maintenance activities at the chlorinator station.

Two, 150-pound chlorine cylinders ar
connected to the injector system, which adds
small amount of chlorine to the potable wat
system for purification purposes.

The scenario is modeled as occurring 
TA–00–1109, which is a site in the town of Lo
Alamos north of the high school.  This locatio
is one of nine chlorinator sites located arou
LANL and the town; the other locations ar
TA–00–1110, TA–00–1113, TA–00–1114
TA–16–560, TA–33–200, TA–54–1008
TA–72–3, and TA–73–9.  TA–00–1109 wa
selected as the modeling location based on
proximity to residential housing and speci
populations, and provides an upper bou
estimate of the potential impacts to the publ
(It should be noted that a study is bein
conducted by LANL to evaluate the conversio
of the chlorinator systems from a gaseo
chlorine system to a less hazardous MIO
system that hydrolyzes brine to produc
chlorine on site.  In addition, negotiations are 
progress that could lead to the chlorinat
system being turned over to Los Alamo
County.)

CHEM–01 Release Mechanisms

Chlorine usage has been estimated for the f
SWEIS alternatives, with an average of seven
nine cylinders used per year at each of t
potable water chlorinator stations.  Th
chlorinator system at TA–00–1109 is 
sweetener station that actually uses only two
three cylinders per year.  Hence, it 
conservative to model the station use rate
seven to nine cylinders per year, depending 
the alternative.

Three leakage rates were defined for this eve
The smallest leak is essentially a pin-hole le
that would result from random equipmen
failures or human errors.  The next lea
considered as a valve failure, which would op
a 0.25-inch (0.64-centimeter) diameter hole 
the cylinder pressure boundary.  Finally, 
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random cylinder rupture was defined that would
instantaneously depressurize the cylinder.

No Action Alternative Frequency Analysis

The frequency of these endpoints was
calculated separately for hardware and human
error initiating events.  Random cylinder failure
(leak or rupture), as well as failures of the
packing, the pressure gage, or the vacuum
regulator can result in a chlorine release.  The
equipment failure contribution to this scenario
is quantified as follows:

FEQP = (FRAND-LEAK) + (FRAND-RUPT)

where:

FEQP = Annual frequency of the scenario due to
equipment failure

FRAND-LEAK = Frequency of random failure
resulting in cylinder leakage

FRAND-RUPT = Frequency of random failure
resulting in cylinder rupture

These terms are all random events with a
general equation as follows:

F = (rate/hr) x (8,760 hr/yr) x (number of items)

These values are as follows:

FRAN-LEAK = (2 x 10-8/hr) x (8,760 hr/yr) x (4)
= 7 x 10-4/yr (LARGE LEAK); for factor of 20
difference from rupture (Mahn et al. 1995 and
LANL 1995c)

FRAND-RUPT = (1 x 10-9/hr) x (8,760 hr/yr) x (4)
= 3.5 x 10-5/yr (RUPTURE) (Mahn et al. 1995)

The total equipment failure contribution to
CHEM–01 can be evaluated as follows:

FEQP = FRAND-LEAK + FRAND-RUPT

FEQP = (7 x 10-4) + (3.5 x 10-5)

FEQP = 7 x 10-4/yr (LARGE LEAK)

FEQP = 3.5 x 10-5/yr (RUPTURE)

The human error contribution to this scenario
quantified as follows:

FHEP = HVALVE  + HLEAK

where:

FHEP = Annual frequency of human error
induced chlorine release

HVALVE  = Human error leading to chlorine tan
valve failure (LARGE LEAK)

HLEAK = Human error leading to chlorine lea
(SMALL LEAK)

A large leak due to valve failure would requir
human error in cylinder handling such that 
chlorine cylinder with the valve cap removed 
dropped, striking the valve and causing th
valve to shear off.  Small leaks could be due
a variety of causes, such as failure to follo
cylinder changeout procedures resulting in
leak at the cylinder valve packing, the injecto
connection, tubing, or the V-notch assembly.

HVALVE  is related to the number of times pe
year that a full chlorine cylinder is remove
from storage, has its valve cap removed, a
then is placed into operation or into standb
Estimates of chlorine consumption i
150-pound cylinders have been made for 
four alternatives (Barr 1997).

It is assumed that chlorine cylinder usage 
averaged out over the nine potable wat
chlorinators.  The number of chlorine cylinde
changed out annually is eight for the No Actio
and Greener Alternatives, nine for the Expand
Operations Alternative, and seven for th
Reduced Operations Alternative.

The basic human error rate is estimated as 0.
per demand (Swain and Guttmann 1983
Considering that  personnel performing chlorin
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Accident Analysis

cylinder operations are aware of the hazards
involved, that the hazard is very direct, and it is
therefore reasonable to assume that extra
caution is employed in the operation, and that
the changeout process is governed by a written
procedure that is required to be used, this value
was reduced by a factor of 50 to 6 x 10-5 per
demand.  (The derivation of the factor of 50 is
based on the human error probability for
checking the status of equipment under normal
conditions and the probability for checking the
status of equipment when the status affects
one’s safety [Swain and Guttmann 1983].)  No
recovery probability is assessed because once
the cylinder is dropped there is no opportunity to
recover the situation.  For the No Action
Alternative, the frequency of human error
leading to a large leak as a result of valve failure
is 8 x (6 x 10-5), or 4.8 x 10-4 per year.

The human error leading to a leak is assessed
based on recent experience with cylinder
changeout.  One leak has occurred in the past
5 years.  With nine chlorinators changing out an
average of eight cylinders per year, this is one
leak in the change out of 9 x 8 x 5, or 360
cylinders, or a conditional probability of a leak
of once per 360 changeouts, or 2.8 x 10-3 per
changeout.  With eight changeouts per year, this
is a frequency of 2.2 x 10-2 per year.

Based on the above evaluation, the following
frequencies are identified for the No Action
Alternative:

• Rupture (large leak rate, complete release in 
less than 60 seconds; to be calculated) 3.5 x 
10-5 per year (random rupture)

• Large Leak (1/4-inch hole corresponding to 
valve size) 1.2 x 10-3 per year = 4.8 x 10-4 
per year (human error, dropped cylinder) + 
7 x 10-4 per year (random leak)

• Small Leak (pin-hole type leak, rate to be 
calculated) 2.2 x 10-2 per year (human 
error, cylinder changeout/maintenance)

Expanded Operations Alternative 
Frequency Analysis

The Expanded Operations Alternative does n
alter the configuration of the chlorinator system
The rupture frequency and the small lea
frequencies will remain the same.  The larg
leak frequency increases somewhat because
number of cylinders changed out annual
increases from eight to nine.  This results in
human error contribution of 9 x (6 x 10-5) = 5.4
x 10-4, plus the random leak rate of 7 x 10-4 per
year, yielding a large leak rate of (5.4 x 10-4) +
(7 x 10-4) = 1.2 x 10-3 per year.  

Reduced Operations Alternative Frequency 
Analysis

The Reduced Operations Alternative does n
alter the configuration of the chlorinator system
The rupture frequency and the small lea
frequencies will remain the same.  The larg
leak frequency decreases somewhat because
number of cylinders changed out annual
decreases from eight to seven.  This results i
human error contribution of 7 x (6 x 10-5) = 4.2
x 10-4, plus the random leak rate of 7 x 10-4 per
year, yielding a large leak rate of (4.2 x 10-4) +
(7 x 10-4) = 1.1 x 10-3 per year.  

Greener Alternative Frequency Analysis

The Greener Alternative does not alter th
configuration of the chlorinator system; a
release frequencies are the same because
cylinder changeout rate is the same.  T
frequencies of occurrence for CHEM–01 a
considered to be bounding and conservative
take no credit for the frequency of time tha
some of the chlorine cylinders stored in th
building may be empty. 

Source Term Calculations

The initial source term for the postulate
accident equals the contents of one fille
chlorine cylinder (150 pounds).  Due to th
physical form of the hazardous material (ga
there is no suspension source term contribut
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to the release.  Because the cylinder size and
system configuration do not vary across the
alternatives, the source terms are the same
across the alternatives.  In all three cases
(rupture, large leak, and small leak), the release
is modeled as a ground level release.  This is
conservative because the release, especially in
the case of smaller leak rates, could be released
via the building exhaust system, which would
result in an elevated release.

The smallest size hole with which the
ALOHA™ code can perform release
calculations is 0.0394 inch (0.1 centimeter) in
diameter.  Because this release occurs from a
building, in accordance with EPA guidance the
release rates are multiplied by 0.55 to correct for
mixing within the building.  For winter and
summer conditions, this results in release rates
from the building of 0.122 pound per minute
and 0.181 pound per minute, respectively.  Total
releases within an hour total only 4 and
6 pounds of chlorine for winter and summer
conditions, respectively.  

For the large leak scenario, a release rate was
estimated by conservatively assuming a direct
release of the cylinder contents, and the same
0.55 in-building factor was applied, yielding a
release rate of 8.25 pounds per minute
for18.2 minutes.

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–01

Not all chlorine cylinders that are dropped and
result in valve failure would release 150 pounds
of chlorine (some would be empty or nearly so).
Random failure (rupture) of a chlorine cylinder
could potentially cause failure of one or more
adjacent cylinders.  The source term estimates
above do not consider such factors.  To bound
the possible consequences of a process-related
chlorine release from the potable water
chlorination system, the assumption is made
that the cylinder is full and that the release
cannot be terminated once it starts.  Although
this is a conservative assumption, it is consistent

with the approach taken in the TA–55–4 SA
(LANL 1996k) for a process-related releas
from a chlorine system that also uses 150-pou
cylinders.

Consequences of CHEM–01 for Facility 
Workers and the Public

The consequences of CHEM–01 are presen
separately for workers and the public.  F
workers, the following consequences a
identified.

For the cylinder rupture accident, the likelihoo
of a worker being present is very low (the failu
happens at random, rather than as a resul
worker activity).  Accordingly, no worker
consequences would be expected under m
conditions for cylinder rupture because worke
would be present at the facility for a limite
number of hours per month.  Any worker
present in the building would likely be killed
due to the very high concentrations of chlorin
that would result from cylinder rupture, as we
as from the lack of time to escape from th
immediate area before potentially letha
exposures would occur.  Death to workers insi
the building could also occur as a consequen
of missiles (flying debris) generated when th
cylinder ruptures.

For the large leak scenario, the workers pres
in the building (for the nonrandom failure pa
of the term) could be killed due to the hig
chlorine concentration in the building and/or th
possibility of being struck by a missile (eithe
the cylinder or the valve).

For the small leak scenario, injury seems to b
more likely outcome than fatality for facility
workers.  This is borne out by operatin
experience.

The public consequences for the small le
scenario are negligible (no ERPG–2 or ERPG
concentrations beyond 100 yards [92 meter
regardless of the time of day, time of year, a
even considering very adverse dispersi
leading to a very stable, nonmeandering plum
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If the direction of the plume were to remain
constant for the small leak scenario, nearby
residents might detect the chlorine release by
odor; however, even the ERPG–1 value of
1 parts per million would not be reached outside
100 yards (92 meters) from the facility under a
conservative daytime dispersion condition
(2.8 meters per second wind, Stability Class C).
Under adverse (stable atmosphere) dispersion,
the ERPG–1 distance could extend as far as
236 yards (216 meters).  Given these results, no
detailed quantification of the small leak
scenario is carried forward.

For the large leak rupture scenarios, the release
rate is of course much greater.  For the large leak
scenario, equivalent to a ruptured cylinder
valve, the release rate is 2.2 to 3.8 pounds per
minute (variable depending on time of year).
Under adverse (stable atmosphere) dispersion,
the ERPG–2 distance is 0.6 mile (1 kilometer),
while the ERPG–3 distance is 0.2 mile
(0.3 kilometer).  Under conservative daytime
dispersion, the ERPG–2 distance varies from
0.16 to 0.26 mile (0.26 to 0.42 kilometer), while
the ERPG–3 distance varies from 0.06 to
0.09 mile (0.1 to 0.14 kilometer).  The average
number of people exposed at concentrations
greater than ERPG–2 and ERPG–3 under
adverse dispersion is 81 and 30, respectively,
and for ERPG–2 and ERPG–3 under
conservative daytime dispersion about 43 and
12, respectively.

For the rupture scenario, ERPG–2
concentrations reach a distance of about 1,600
yards (1,464 meters) under adverse dispersion
(stable atmosphere) and a distance of about 500
to 700 yards (458 to 641 meters) under
conservative daytime dispersion.  ERPG–3
distances are about 450 yards (412 meters)
under adverse dispersion and about 200 to
250 yards (183 to 229 meters) under
conservative daytime dispersion.  The average
number of exposed people exposed to
concentrations greater than ERPG–2 and
ERPG–3 under adverse dispersion is 226 and
180, respectively, and about 53 and 12,

respectively, under conservative daytim
dispersion.  A summary of CHEM–01 results 
presented in Table G.5.5.1–1.

G.5.5.2 CHEM–02, Multiple 
Cylinder Release of 
Chlorine from Gas Plant

General Scenario Description

Scenario CHEM–02 involves a multiple
cylinder release of chlorine from TA–3–476
This building is an all-weather, prefabricate
“Apache” all-metal storage shed that is used
store chlorine cylinders (and other hazardo
gas cylinders) prior to distribution to end use
at LANL.  TA–3–476 is located at the northwe
corner of the Gas Plant (the main facility at th
Gas Plant is TA–3–170), which is located alon
Eniwetok Road near the Sigma Facilit
(TA–3–66).  The storage shed, which has 
open metal grate at the bottom, rests on asph

In addition to chlorine, other extremely toxi
gases that have in the past been tempora
stored at TA–3–476 include phosgene, arsin
phosphine, and fluorine.  Such gases a
typically present 1 day or less per year per g
Some quantity of chlorine is present essentia
all the time.  The release of the largest sing
container of these gases has been modeled in
Safety Assessment under adverse dispers
conditions (Class F stability, wind speed o
3.3 feet [1 meter] per second) and compar
with a 150-pound chlorine cylinder release.  Th
distances to which ERPG–2 and ERPG
exposures could be experienced were the larg
for the chlorine cylinder release.

The frequency of release of gases other th
chlorine would be directly proportional to th
conditional probability of their presence at th
facility.  Accordingly, it has been determine
that the risk of  a release of chlorine from
TA–3–476 bounds the risks of release of oth
toxic gases both in frequency of occurrence a
in the consequences of the release.
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The CHEM–02 accident scenario involves a
release of chlorine gas, which is conservatively
assumed (with respect to exposure at short
distances) to occur at ground level, followed by
dispersal of the gas downwind.  The release is
also conservatively modeled as involving
simultaneous release from multiple cylinders.
In fact, the cylinders may not all release at the
same time, in which case the downwind
concentrations would be less, and there would
be less chance of exceeding the thresholds for
health effects.

Properties of Chlorine Gas

Chlorine is a greenish-yellow gas or liquid.
Chlorine is extremely irritating to the mucous
membranes of the eyes and respiratory tract at a
concentration of 3 parts per million.  A
concentration of 3.5 parts per million is
detectable by odor.  A concentration of 15 parts
per million causes immediate irritation of the
throat.  Concentrations of 50 parts per million
are dangerous for even short exposures, and
concentrations of 1,000 parts per million may be
fatal even when the exposure is brief
(Lewis 1993).  The ERPG–1, –2, and –3
concentrations are 1, 3, and 20 parts per million,
respectively (Craig 1996).  The pressure in a
150-pound chlorine cylinder is 0.588 MPa
(85.3 psig) at a temperature of 70°F (21°C)
(MGP  1997).  Cylinders containing chlorine
are equipped with a fusible metal plug with a
melting temperature of 165°F (73.9°C) (Braker
and Mossman 1980).  In the event of a fire that
exceeds this temperature, the fusible plug will
melt, permitting the chlorine to escape but
preventing the cylinder from catastrophically
failing due to overpressure.  Chemical reactions
of chlorine of potential interest to this scenario
include the reaction with carbon monoxide to
form phosgene (carbonyl chloride, CCl2O, a
colorless poison gas) (Braker and Mossman
1980), and the reaction with ammonia causing
an explosion (Lewis 1993). 

Properties of a Heavy Gas

The release of chlorine from a pressurize
cylinder will consist of a combination of
droplets and vapor constituting a heavy, co
cloud full of small droplets that remain airborn
and travel significant distances.  The continuin
evaporation of these droplets along the plum
path virtually renews the strength of the cloud 
it travels and keeps it cool and heavier than t
ambient air.  This has significant effects on th
dispersion, and the standard Gaussian plu
models are inappropriate; “heavy gas” mode
such as DEGADIS and SLAB must be use
instead.  The cloud can persist for substantia
longer times than the spill duration, and plum
travel time can be substantially longer tha
would be expected from the wind speed.  Wh
the concentration of the chlorine falls to a valu
such that the cloud density is similar to that 
the air, it no longer acts independently of the a
as a heavy gas, but behaves as a passive tra
The concentration at which this occurs depen
upon the wind speed and height of the clo
(which in turn depends upon the size of th
release).  When the wind is 3.3 feet per seco
(1 meter per second) and the chlorine cloud is
feet (10 meters) high, the change from hea
gas to passive behavior occurs at about 280 p
per million.  This is substantially greater tha
the ERPG–3 of 20 parts per million an
produces serious health effects.  For this reas
protection from a chlorine release is not assur
by intervening canyons.

CHEM–02 Release Mechanisms

Three potential release mechanisms we
identified and subjected to detailed analys
Release by direct impact of a vehicle on th
stored cylinders was screened out based on
presence of vehicle barriers in front of and to t
sides of the storage shed, the inability of 
vehicle to approach the shed from behind (
arroyo is located behind the shed), and t
administrative controls on speed limits at th
Gas Plant (along with the DOT training an
LANL-specific training of truck drivers at the
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plant).  Two other release mechanisms were
considered for their contribution to the
frequency of CHEM–02:  (1) a truck fuel fire,
resulting in failure of the chlorine cylinders; and
(2) the impact of an aircraft on nearby hydrogen
tube trailers, resulting in failure of multiple
chlorine cylinders due to overpressure, impact
by missiles (shrapnel created by the detonation
of hydrogen tubes upon impact by the aircraft),
or fire. 

This accident was not analyzed in the Gas Plant
Safety Assessment (LANL 1994b).  The safety
assessment (SA) screened all multiple cylinder
release scenarios as being incredible (i.e.,
having frequencies less than 10-6 per year).  The
most severe scenario analyzed in the SA was a
single cylinder release of chlorine (see
CHEM–03, section G.5.1.6).  The SA
concluded that the installation of the vehicle
barrier around TA–3–476 eliminated the
possibility of a multiple cylinder release.  While
this appears to be a valid conclusion insofar as
direct vehicular impact with the chlorine
cylinders is concerned, it is not clear that the SA
considered a fuel fire for which the vehicle
barriers would be ineffective.

No Action Alternative Frequency Analysis

The fuel fire and aircraft crash contributors are
analyzed separately.  In the case of a fuel fire, a
truck accident near TA–3–476, or one
impacting the vehicle barrier around
TA–3–476, could result in a failure of the truck
fuel system or the fuel tank(s), resulting in a
spill of diesel fuel.  Second, a truck parked near
TA–3–476 could experience a fuel system leak
or fuel tank leak due to causes unrelated to a
vehicle accident.  In either case, once a fuel leak
occurs, ignition of the spilled fuel would lead to
a fire that, if it is close enough to TA–3–476 and
it is not suppressed, would result in damage to
the chlorine cylinders and a release of chlorine
to the environment.  

There are no automatic means of fire detection
or fire suppression installed at TA–3–476,

although there is a fire hydrant located with
164 feet (50 meters) of TA–3–476 where fir
hoses could obtain water for fighting the fire
Manual fire fighting equipment (extinguishers
is provided at TA–3–170.  The response time
a fire brigade to TA–3–476 is estimated at 2 
3 minutes; the fire station at TA–3–41 is withi
a kilometer of TA–3–476.  

There are no physical barriers present that 
capable of precluding a fire from reachin
TA–3–476.  There are concrete-filled met
tubes installed at the front of TA–3–476 t
prevent the impact of a vehicle on the stora
shed.  While the barriers will essentiall
preclude direct vehicular impact with th
cylinders, the barriers will have no affect on th
propagation of a fuel fire (which could resu
from a ruptured fuel line/fuel tank as 
consequence of impact of a vehicle with th
vehicle barriers).

The frequency of the fuel leak and fir
contributor accident can be estimated using 
following equation:

FFIRE = NSHIPMENTS x L x F

where:

FFIRE = Frequency of a fire at TA–3–476

NSHIPMENTS = Number of shipments to or from
TA–3–476 per year

L = Fuel leak rate per shipment

F = Conditional probability of fire given a fue
leak and subsequent release of chlorine

The frequency of a fuel system leak or fuel ta
leak and a resulting fire is assessed f
TA–3–476 based on methods and da
contained in the TA–54, Area G Hazar
Analysis (LANL 1995g) and the evaluation o
TRU waste transportation by H&R Technica
Associates (Rhyne 1994).  The annu
frequency of a fuel leak was assessed at 0.1 
year in the TA–54 hazard analysi
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(LANL 1995g).  Embedded in this estimate is
78 trips per year of trucks to the facility.  Thus,
on a per trip basis, the likelihood of a fuel leak
is 0.1/78, or 1.3 x 10-3 per trip.  

The TA–54 hazard analysis (LANL 1995
through 1997) cites data from Rhyne 1994 to the
effect that the conditional probability of a fire
given a fuel leak is 4.7 x 10-3 per fuel leak.
Although the direct applicability of this value is
open to interpretation, the value is used in
CHEM–02, RAD–01, and RAD–07 because no
other comparable value could be identified and
because DOE believes the value to be
conservative. 

The TA–54 hazard analysis recommended an
additional frequency reduction by a factor of ten
compared with the H&R evaluation due to the
fuel being diesel (LANL 1995g).  However, the
H&R evaluation already takes into account the
fact that the transport vehicle is a flatbed truck,
which is a diesel fuel vehicle (Rhyne 1994).
Accordingly, this additional factor of ten
reduction in conditional probability was not
employed here.

Site-wide usage of chlorine has been estimated
across the alternatives in Table G.5.5.2–1.  The
number of shipments to or from TA–3–476 per
year for the No Action Alternative is estimated
based on the sum of shipments from the chlorine
supplier to TA–3–476 and shipments from
TA–3–476 to the potable water chlorination
stations in and around LANL.  During the
walkdown of TA–3–476, it was stated that there
were two shipments per year from the chlorine
supplier.  However, this information is
inconsistent with the number of 150-pound
chlorine cylinders estimated to be used
annually.

The data in Table G.5.5.2–1 was interpreted by
dividing the 150-pound cylinder usage by
150 pounds to obtain the approximate number
of cylinders used annually.  This value is shown
in the last row of Table G.5.5.2–1.  Because
only ten full chlorine cylinders are permitted to

be in TA–3–476 at any one time (LANL 1997b
the number of trips was approximated b
dividing the number of cylinders used annual
by ten (the number of cylinders allowed to be 
TA–3–476).  The number of supplier shipmen
is thus seven per year for all alternatives exce
Expanded Operations, where the number 
supplier shipments is eight.

The number of shipments from TA–3–476 t
potable water chlorinators is 14 per year (bas
on shipments of no more than 5 cylinders a
time and a total of 70 cylinders needed per yea
The total number of shipments is therefore
plus 14, or 21.

The frequency equation can be solved 
follows for the No Action Alternative:

FFIRE = NSHIPMENTS x L x F

FFIRE = 21 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 1.3 x 10-4/yr

As noted above, fuel fires also can occur as
result of a truck accident near TA–3–476 or as
result of an impact of a vehicle with the vehic
barrier immediately in front of TA–3–476.  The
general accident rate for highway traffic i
1 x 10-6 per mile (Fenner 1996).  Data on whic
the RADTRAN transportation accident code 
based show that only 29 percent of all accide
occur at speeds of 20 miles per hour or le
(Clarke 1976), which is what would be expecte
at the Gas Plant because the speed limit
15 miles per hour (allowing for some margi
over this value, 20 miles per hour was select
as a quantification basis).  Thus, the accide
rate should be (1 x 10-6) x 0.29 = 2.9 x 10-7 per
mile.  Even if the distance from the Gas Pla
security gate to TA–3–476 is used fo
quantification, this is a distance o
approximately 220 feet (67 meters) o
0.042 miles.  The accident rate per trip is th
21 trips/yr x 0.042 miles/trip x (2.9 x 10-7

accidents/mile) = 2.6 x 10-7 accidents per year.
Even allowing that there are trips nea
G–132
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TA–3–476 not involving chlorine shipments,
there would have to be thousands of such
shipments before this contributor would begin
to compete probabilistically with the fuel leak/
fire scenario quantified above.  Moreover, each
shipment would have to pass sufficiently near
TA–3–476 such that the fire, if it occurred,
actually reached the chlorine cylinders stored in
that building.  Accordingly, this potential
accident contributor was screened out.

Evaluation of Hydrogen Tube Trailer 
Failure

During the physical inspection (walkdown) of
the Gas Plant and during subsequent visual spot
checks, there have been four or five hydrogen
tube trailers parked within 164 feet (50 meters)
of TA–3–476.  Gas Plant management states
that typically half of the trailers are empty and
half are full (Lovato and Nielsen 1997).  The
trailers are typically located within less than 164
feet (50 meters) of TA–3–476.

In the event of a catastrophic tube trailer failure
(rupture of tube or tubes, detonation of
hydrogen), there are no physical barriers that
could preclude overpressure or missile impact
from reaching TA–3–476.  The outer shell of
TA–3–476 is simply sheet metal, which would
offer very little resistance.

A tube on a hydrogen tube trailer failed
catastrophically at TA–3–170 in June 1981.
There was no effect on TA–3–476 as a result of
that accident, and the tube failure did not
propagate to the entire tube trailer.  While the
specific scenario that occurred in June 1981 is
no longer considered to be credible (the process
that caused the accident is no longer performed
at the facility), the hydrogen tubes could fail due
to other causes.

The tube trailers are DOT Type 3AA trailers
with 38 tubes per trailer.  The trailers are 22 feet
(6.7 meters) long.  Each tube trailer holds
50,000 standard cubic feet of hydrogen gas
(261.37 pounds of hydrogen).  In order to

evaluate the consequences of the catastrop
failure of an entire tube trailer, a simple TN
equivalent calculation was performed.  I
accordance with standard practice involvin
calculations of explosive yield for design
purposes, a 20 percent safety factor was app
to the calculation.  Assuming 100 perce
explosive yield is grossly conservative.  I
accordance with recommendations by th
American Institute of Chemical Engineers, 
15 percent conversion factor was use
(AICE 1994).  The estimated explosive yield (i
TNT equivalent) was calculated to be abo
965 pounds.  This amount of TNT was found 
be insufficient for a 10-psi overpressure to rea
TA–3–476, and it was concluded that rando
failure of a single tube trailer could not cause
chlorine release.

Calculations of aircraft crash frequency hav
been performed according to the methodolo
in DOE Standard 3014-96 (DOE 1996c).  Th
width of the “target” was increased to accou
for the chlorine storage shed itself (TA–3–47
as well as the hydrogen tube trailers.  This w
done to account for the possibility that th
aircraft would impact the tube trailers, causing
detonation of one or more tube trailers.  Th
resulting crash frequency was calculated to 
2.0 x 10-7 per year.

The frequency of occurrence for CHEM–02 
the sum of the frequency of the contributin
means of occurrence:

FTOTAL = FFIRE + FAIR

where:

FTOTAL = Total scenario frequency

FFIRE = Frequency from vehicle fires

FAIR = Frequency from aircraft crash

This equation can be evaluated as follows:

FTOTAL = FFIRE + FAIR
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= (1.3 x 10-4) + (2.0 x 10-7)

= 1.3 x10-4 per year

Expanded Operations Alternative 
Frequency Estimate  

The only change in circumstances affecting the
frequency of CHEM–02 compared with the No
Action Alternative is the frequency of
shipments to or from TA–3–476 for the vehicle
fuel fire scenario.  For the Expanded Operations
Alternative, the number of shipments increases
from 14 to 16 per year due to a higher rate of
chlorine consumption for potable water use.  In
addition, the number of shipments from the
chlorine supplier increases from seven to eight
per year.  The total number of shipments is thus
24, and the frequency of the vehicle fuel fire
contributor can be estimated as follows:

FFIRE = NSHIPMENTS x L x F

FFIRE = 24 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 1.5 x 10-4

The summed frequency for all contributors
becomes:

FTOTAL = FFIRE + FAIR

FTOTAL = (1.5 x 10-4) + (1.3 x 10-6)

FTOTAL = 1.5 x 10-4 per year

Reduced Operations Alternative Frequency 
Calculation

The only change in circumstances affecting the
frequency of CHEM–02 compared with the No
Action Alternative is the frequency of
shipments to or from TA–3–476 for the vehicle
fuel fire scenario.  For the Reduced Operations
Alternative, the number of shipments decreases
from 16 to 13 per year due to a higher rate of
chlorine consumption or potable water use.  The
number of shipments inbound from the chlorine
supplier remains at seven.  Thus, the frequency

of the vehicle fuel fire contributor can b
estimated as follows:

FFIRE = NSHIPMENTS x L x F

= 20 x (1.3 x 10-3) x (4.7 x 10-3)

= 1.2 x 10-4

The summed frequency for all contributor
becomes:

FTOTAL = FFIRE + FAIR

 = (1.2 x 10-4) + (2.0 x 10-7)

= 1.2 x 10-4 per year

Greener Alternative Frequency Calculation

The frequency of shipments to or from
TA–3–476 is the same for the Green
Alternative as it is for the No Action
Alternative.  Thus, the summed frequency of a
contributors of 1.3 x 10-4 per year applies to the
Greener Alternative as well.

Uncertainties and Sensitivities Affecting the 
Frequency of CHEM–02 

The accident frequency calculations report
above do not account for the possib
suppression of the fire by Gas Plant personne
the fire department (TA–3–41) prior to th
failure of the chlorine cylinders.  Thus, th
frequencies calculated above for the fuel fi
contributor to the accident frequency represe
overestimates, but given the reporting time f
the fire brigade (2 to 3 minutes) and the lo
melting temperature of the fusible plugs on th
chlorine cylinders (165°F [73.9°C]), this
conservatism is not considered to be substant

The frequency calculations for the fuel fir
contributor are sensitive to the inferred rate 
fuel failures per shipment (to or from th
facility) and to the conditional probability of a
fire given a fuel leak.  The likelihood of a fire
given a fuel leak is based on vehicle accide
G–134
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data that include vehicle speeds of up to
highway speeds.  In contrast, the speed of
vehicles around the Gas Plant is limited to much
lower speeds.  Because it would seem
reasonable to assume that the likelihood of a
fuel leak given an accident bears some
relationship to the speed of impact (or
overturning), the conditional probability of a
fire given a fuel leak may be unduly pessimistic.
Because an alternative value could not be
identified, this admittedly pessimistic value was
used in the calculations.

Source Term Calculations

The administrative limit on the number of full
chlorine cylinders that can be located at
TA–3–476 is eight cylinders.  This limit can be
exceeded for a maximum of three days by
procedure on a temporary basis (LANL 1997b
and Lovato and Nielsen 1997).  Note that a
number of cylinders in excess of ten would
bring the total chlorine inventory in TA–3–476
to over 1,500 pounds.  Under OSHA Standard
1910.119, Appendix A, 1,500 pounds or more
of chlorine are considered to present a potential
for a catastrophic event.  Therefore,
consequence estimates have been prepared
using 1,500 pounds of chlorine.  This quantity
will be conservative by at least 300 pounds
under most conditions.  This source term is used
across all alternatives.  

The release was modeled as a direct release,
with a constant release rate for 10 minutes based
on sensitivity calculations and discussions with
the code authors.  The release is modeled as
originating with a single cylinder that
numerically represents the effective release rate
of ten, 150-pound cylinders.  The release is
assumed to occur as a result of the melting of
fusible plugs on the cylinder, which melt at
165°F (73.9°C).

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–02

The assumption of a ground level release is
conservative with respect to chlorine gas

concentrations close to TA–3–476 (such as
the TA–3 administrative complex).  Indeed, th
assumption of a ground level release is n
realistic because the release is caused by a 
whose heat would elevate the plume abo
ground level.  A ground level release wi
produce higher concentrations at breathing le
than the expected elevated release. 

Consequences of CHEM–02 for Facility 
Workers and the Public

Workers at TA–3–170 could be exposed 
concentrations greater than ERPG–2 a
ERPG–3 if they are downwind.  Because G
Plant workers will be closest to the accident si
the plume will be dense and will probably b
visible during the period of the greatest releas
The workers could escape from the plume 
foot provided they do not become immersed 
the plume (in which case they would encount
very high chlorine concentrations).  Worker
attempting to fight the fire without an air suppl
could be overcome by chlorine gas.  (Worke
are directed not to fight fires but instead to  ca
the fire department and evacuate the area.)

Under adverse dispersion conditions (lig
wind, stable plume), ERPG–2 concentratio
are exceeded out to distances ranging from 
to 2.7 miles (4.2 to 4.3 kilometers), whil
ERPG–3 concentrations are exceeded out
distances of 1.1 to 1.2 miles (1.8 t
1.9 kilometers).  Under conservative daytim
dispersion, ERPG–2 concentrations a
exceeded out to distances ranging from 1.2
1.4 miles (1.9 to 2.3 kilometers), while ERPG–
concentrations are exceeded to distanc
ranging from 0.57 to 0.66 mile (0.92 to
1.1 kilometer).  Average numbers of peop
affected by these concentrations are shown
Table G.5.5.2–2, which summarizes th
modeling results for CHEM–02.  Note that th
release occurs within the LANL boundary.  Th
town of Los Alamos is separated from th
release point by wide, deep canyons that wou
trap and steer the highest concentrations of 
plume away from the town site.  The avera
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number of people exposed is governed by
numerous directions of release where no or few
members of the public are located.  If, however,
the plume blows toward the most heavily
populated area of TA–3 (which occurs less than
10 percent of the time), the number of people
exposed to concentrations greater than ERPG–2
and ERPG–3 could number in the many
hundreds to low thousands.

G.5.5.3 CHEM–03, Single Cylinder 
Chlorine Release from Gas 
Plant

General Scenario Description

Like CHEM–02, CHEM–03 occurs at
TA–3–476.  However, CHEM–03 involves the
release of chlorine from a single 150-pound
cylinder.  This scenario was evaluated in the
Gas Plant Safety Assessment (LANL 1994b).
Three contributors were identified:  (1) release
without fire due to an on-site transportation
accident at the toxic gas storage shed
(Scenario 5), frequency from 10-4 to 10-3 per
year; (2) release due to drop of toxic gas
cylinder (Scenario 11), frequency from 10-4 to
10-3 per year; and (3) release due to
deterioration of cylinders from weather
(Scenario 23), frequency from 10-4 to 10-3 per
year.  The properties of chlorine gas and heavy
gases were addressed in section G.5.1.5.

CHEM–03 Release Mechanisms

As noted above, three release mechanisms were
postulated in the Gas Plant SA (LANL 1994b).
Release due to impact of a cylinder by a truck is
discounted here because of the installation of
bumpers in front of the toxic gas storage shed,
which was accomplished as a corrective action
after the SA was performed.  Chlorine releases
from a single cylinder due to a dropped cylinder
and due to long-term exposure to weather are
addressed separately below.

No Action Frequency Analysis

Because all cylinders are stored with their val
covers installed (Lovato and Nielsen 1997), t
scenario would have to involve a second hum
error in failing to install the valve cove
correctly at the supplier facility.  A third erro
would also be required because rece
inspections are performed and the status of 
valve cover would normally be checked at th
time.  

On the basis of these considerations, t
frequency of this contributor can be calculate
using the following equation:

FDROP = NHANDLED x HDROP x HCOVER x 
HCHK x CFAIL

where:

FDROP = Frequency of dropped cylinde
resulting in chlorine release

NHANDLED = Number of cylinders handled pe
year

HDROP = Human error, dropping cylinde
during handling

HCOVER = Human error, failure to install valve
cover properly

HCHK = Human error, failing to check valve
cover installation during receipt inspection

CFAIL = Conditional probability of valve failure
when cylinder is dropped

The number of cylinders handled annual
under the No Action Alternative is 70 based o
the information presented above i
section G.5.5.1.  Each cylinder is handled twi
(once during placement into TA–3–476 fo
storage and again during retrieval from storag
Thus, the total number of handling events 
140.
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We estimate the basic human error rate as 0.003
per demand.  Although perhaps not directly
applicable to DOE facilities, a study of human
reliability with emphasis on nuclear power plant
applications supports this number (Swain and
Guttmann 1983).  Considering that the
personnel handling the cylinder expect the valve
cover to be installed, no additional credit is
taken here for extra precautions that might be
observed if the workers believed that their life
would be endangered by mistakes.  No recovery
probability is assessed because once the
cylinder is dropped there is no opportunity to
recover the situation.  The human error
probability (HEP) for failing to install the valve
cover properly is 0.003 (failure to properly mate
a connector; Swain and Guttmann 1983).
Failure to check the valve cover installation
during receipt inspection is 0.1 (Swain and
Guttmann 1983).  The conditional probability of
valve failure given that the cylinder is dropped
with an improperly installed valve cover is
judged to be no more than 0.25 because the
cylinder can be dropped on the top, the bottom,
or either side, and only dropping the cylinder on
the top is judged to be associated with valve
failure.

On the basis of these considerations, the above
equation can be quantified as follows:

FDROP = NHANDLED x HDROP x HCOVER x 
HCHK x CFAIL

= 140 x 0.003 x 0.003 x 0.1 x 0.25

= 3.2 x 10-5 per year

The Gas Plant SA identified failure of a cylinder
due to deterioration from weather.  This failure
mode is essentially a random cylinder failure,
especially considering that the cylinders are
designed to be exposed to weather but are stored
inside the toxic gas storage shed until they are
picked up for shipment to the potable water
chlorinator stations. 

The frequency of random cylinder failure can b
assessed as follows:

FRANDOM = RHOUR x (8,760 hr/yr) x NCYL

where:

FRANDOM = Frequency of random cylinde
failure

RHOUR = Random failure rate per hour of 
pressurized cylinder

8,760 hr/yr = The number of hours in a year

NCYL = The number of cylinders in storage

The random failure rate for a pressurize
cylinder is 1 x 10-9  per hour (Mahn et al. 1995)
The number of cylinders in storage is ten fu
cylinders at any one time (Lovato and Nielse
1997).  Thus, the above equation can 
quantified as follows:

FRANDOM = RHOUR x (8,760 hr/yr) x NCYL

= (1 x 10-9/hr) x (8,760 hr/yr) x 10

= 8.8 x 10-5 per year

The combined frequency of occurrence of 
single cylinder toxic gas release is obtain
from the following equation:

FTOTAL = FDROP + FRANDOM

= (3.2 x 10-5) + (8.8 x 10-5)

= 1.2 x 10-4 per year

Expanded Operations Alternative 
Frequency Analysis

There is only one difference for the Expande
Operations Alternative that affects sequen
frequency.  In the Expanded Operation
Alternative there are 79 cylinders handled p
year, with a total of 158 handling events.  Th
equation above for the cylinder drop scenar
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can be reevaluated for the Expanded Operations
Alternative as follows:

FDROP = NHANDLED x HDROP x HCOVER x 
HCHK x CFAIL

= 158 x 0.003 x 0.003 x 0.1 x 0.25

= 3.6 x 10-5 per year

Because the frequency of random failure does
not change, the combined frequency of
occurrence of a single cylinder toxic gas release
for the Expanded Operations Alternative is
obtained as follows:

FTOTAL = FDROP + FRANDOM

= (3.6 x 10-5) + (8.8 x 10-5)

= 1.2 x 10-4 per year

Reduced Operations Alternative Frequency 
Analysis

There is only one difference for the Reduced
Operations Alternative that affects sequence
frequency.  Based on the analysis of scenario
CHEM–02 (Rev. 0, 04/08/97), there are
66 cylinders handled per year, with a total of
132 handling events.  The equation for cylinder
drop can be reevaluated as follows:

FDROP = NHANDLED x HDROP x HCOVER x 
HCHK x CFAIL

FDROP = 132 x 0.003 x 0.003 x 0.1 x 0.25

FDROP = 3.0 x 10-5 per year

Because the frequency of random failure does
not change, the combined frequency of
occurrence of a single cylinder toxic gas release
for the Expanded Operations Alternative is
obtained as follows:

FTOTAL = FDROP + FRANDOM

= (3 x 10-5) + (8.8 x 10-5)

= 1.2 x 10-4 per year

Greener Alternative Frequency Analysis

The number of cylinders handled per year und
the Greener Alternative is the same as the 
Action Alternative.  Thus, the frequency of 
release of a single cylinder of chlorine gas is t
same, or a frequency of 1.2 x 10-4 per year.

Uncertainties and Sensitivities Affecting the 
Frequency of CHEM–03 

Because the number of cylinders handled p
year and the number of trips per year a
relatively well known, the principal
uncertainties in the frequency of a sing
cylinder release of chlorine relate to the err
factors for the human errors modeled.  The
error factors range from three to five (Swain an
Guttman 1983).  Even if an error factor of fiv
were considered, the contribution to frequen
of CHEM–03 would be about evenly spli
between the low-frequency human error leadi
to valve failure and the random failure of 
cylinder.

Source Term Calculations

The available material for release in th
CHEM–03 source term is limited to the
complete contents of one chlorine cylinder, 
150 pounds.  However, the release through 
valve orifice is such that 68 to 75 pounds 
chlorine release quickly; but, in the process t
cylinder is cooled below the boiling point of th
chlorine liquid remaining in the cylinder and th
release is essentially terminated.  If no recove
actions are taken, the cylinder would ultimate
heat up above the boiling temperature 
chlorine and a release would resume, but a
very low rate, which is unlikely to result in an
health consequences downwind of the cylinde

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–03

EPA Risk Management Program off-sit
consequence analysis guidance issued in 1
indicates that when a toxic gas is released ins
a building that has direct contact with th
outside environment (such as a shed), t
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release rate is ameliorated somewhat due to
mixing within the shed.  The guidance suggests
multiplying the release rate by 0.55 (EPA 1996).
The same quantity of gas is released, but the
release duration is extended beyond what would
be predicted by the ALOHA™ code.  This
reduction factor is not applied here because the
release could also occur outdoors (human error
dropping a cylinder).

Consequences of CHEM–03 for Facility 
Workers and the Public

Consequences of the CHEM–03 accident are
reported separately for facility workers and the
public.  Gas Plant personnel who are directly
involved in handling the cylinders of chlorine
could quickly be exposed to high concentrations
for the human error (cylinder dropping)
contributor to the scenario frequency.  In the
case of the random cylinder failure contributor,
however, it is more likely that no one will be
near the toxic gas storage shed when the leakage
begins.  Other Gas Plant personnel located
outdoors at the time of the accident could be
exposed to concentrations greater than ERPG–2
and ERPG–3.  However, these personnel would
be in a position to evacuate the affected area
very quickly (due to being outdoors), which
would reduce the potential for serious health
effects.

Under adverse dispersion conditions (stable
atmosphere), the ERPG–2 distance ranges from
0.76 to 0.79 mile (1.2 to 1.3 kilometer), and the
ERPG–3 distance ranges from 0.32 to 0.33 mile
(0.52 to 0.53 kilometer).  Under conservative
daytime dispersion conditions, the ERPG–2
distance ranges from 0.62 to 0.71 miles, and the
ERPG–3 distance ranges from 0.27 to 0.31 mile.
The average number of people exposed under
conservative daytime dispersion conditions is
shown in Table G.5.5.3–1.

G.5.5.4 CHEM–04, Single 
Container Release of Toxic 
Gas from Waste Gas 
Cylinder Storage

General Scenario Description

TA–54–216 is located at TA–54 Area L, whic
provides permitted storage for hazardous wa
and liquid- or volatile-organic-containing wast
that is contaminated with both hazardous a
radioactive components.  The TA–54–21
storage canopy is used to store waste g
cylinders pending final determination o
disposal options.  The storage canopy is a fab
dome structure that is open on three sides (e
north, and west) to provide ventilation. 

From 1983 to November 1996, TA–54–21
has received a total of 4,144 waste cylinde
Currently, approximately 200 cylinders ar
stored at the facility and are representati
of what TA–54–216 is anticipated to hav
in inventory in the future.  Occasionally, 
large influx of gas cylinders may occur du
to decontamination and decommissionin
activities at LANL.

Activities at TA–54–216 are generally limited
to the receipt, storage, staging, and shipmen
gas cylinders.  Gas cylinders are stored a
moved in gas cylinder racks by forklift (gasolin
or electric).  At some time in the future, it wil
be necessary to repackage some of the gases
DOT-qualified packages so that they may b
shipped off site for disposal.  Facility activitie
generally do not involve the removal of cylinde
valve covers (some do not have covers but 
cylinder design protects the valve).  Th
exception to this is when the valve covers a
briefly removed for verification that the valve
are secure and leak-tight prior to off-sit
shipment for disposal. 

Based on the type of activities conducted 
TA–54–216, potential accident initiator
leading to an individual cylinder release includ
G–139



LANL SWEIS

e

e

a
s,
to
n

e

 x

d

k

 as

 a
ay

e

random failure of a cylinder, failure of a
cylinder due to a forklift accident, or human
error during cylinder handling.  

This accident was not evaluated in LANL safety
analysis documentation reviewed in the
preparation of the SWEIS.

Properties of Selenium Hexafluoride Gas

Selenium hexafluoride is a colorless toxic gas
(TWA is 0.05 parts per million) that irritates the
skin and eyes; may cause severe pulmonary
irritation with coughing, choking, and shortness
of breath; and also may cause pulmonary
edema.  It is stable at normal temperatures but
has hazardous decomposition products.  There
is no evidence of carcinogenicity.

No Action Alternative Frequency Analysis  

The frequency of a single cylinder release of any
gas was calculated at TA–54–216 using the
inventory of gas cylinders at the facility and
associated movements.  This provides a
bounding estimate of risk associated with a
single cylinder release and gives a broader
representation of risk for site-wide activities
potentially leading to a single container release
of a toxic gas (postulated chlorine releases are
evaluated separately).

Human error contributions (dropping a cylinder
during handling with valve cover removed or
improperly installed) are considered negligible
for off-site shipments.  This is based on
verification of valve leak tightness while the
cylinder is in the cylinder rack (precluding a
drop accident), the low probability of the valve
cover being improperly reinstalled (this would
be self evident), and the hazards training and
awareness of involved personnel.  The
combined frequency (FTOTAL) of a single
cylinder release may be quantified as:

FTOTAL =  FRANDOM  +  FFORKLIFT

where:

FRANDOM = Frequency of a toxic gas releas
due to a random cylinder failure

FFORKLIFT = Frequency of a toxic gas releas
due to a forklift accident

Random cylinder failure can occur due to 
variety of causes (including cylinder defect
weathering, corrosive attack, damage 
valving).  For random failure, the frequency ca
be estimated as follows:

FRANDOM =  8,760 x RHOUR x NCYL

where:

FRANDOM = Frequency of a toxic gas releas
due to a random cylinder failure

8,760 = Number of hours in a year (24 hours
365 days)

RHOUR = Random failure rate of pressurize
cylinder (10-9 per hour; Mahn et al.1995)

NCYL = Number of toxic gas cylinders at ris
(200 representative inventory)

Thus, the above equation can be quantified
follows:

FRANDOM =  8,760 x RHOUR x NCYL

=  8,760 hr x (1 x 10-9/hr) x 200

= 1.8 x 10-3 per year

The frequency of a forklift accident leading to
release of a toxic gas from a single cylinder  m
be analyzed using the following equation:

FFORKLIFT =  NFMOVE x CPFACC x CPCFAIL

where:

FFORKLIFT = Frequency of a toxic gas releas
due to a forklift accident
G–140
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NFMOVE = Number of forklift movements per
year

CPFACC = Conditional probability of a forklift
accident per movement

CPCFAIL = Conditional probability of toxic gas
cylinder failure per forklift accident

Between 1983 and November 1996,
TA–54–216 received 4,144 toxic waste
cylinders.  Thus, annual throughput is
approximated as 300 (4,144/14) toxic gas
cylinders per year.  Forklift movements at
TA–54–216 occur at the time of receipt and for
off-site shipment.  Additionally, it is assumed
that at least one forklift movement is made for
inventory control/staging while stored at
TA–54–216.  Multiple cylinders are stored in
racks.  It is conservatively assumed that only
two cylinders are stored per rack, resulting in an
estimated 450 (3 x 300/2) forklift movements
per year.  The conditional probability of a
forklift accident is estimated as 1 x 10-5 per
forklift movement (LANL 1995g).  Not all
forklift accidents will be of sufficient severity to
result in damage to a cylinder and a release of its
contents.  The conditional probability depends
on the nature of the accident and how the
individual cylinder is mechanically impacted by
drop, puncture, and crush forces.  There is a
potential that any forklift accident at
TA–54–216 would be aggravated by the uneven
grade at the facility.  There is an elevation grade
transition of approximately 3.3 feet (1 meter)
that runs through the center length of the
canopy.  To account for the foregoing, and
because some of the cylinders are not U.S.
Department of Transportation (DOT) certified,
it is conservatively assumed that the conditional
probability of a single cylinder failure per
forklift accident is 0.5.  Forklift accidents also
may also involve multiple cylinder failures,
such as a forklift fuel tank fire.  This component
of risk is quantified in accident Scenario
CHEM–05.

Thus, the above equation can be quantified
follows:

FFORKLIFT =  NFMOVE x CPFACC x CPCFAIL

=  450 moves x (1 x 10-5 per move) x 0.5

= 2.3 x 10-3 per year

From the above analyses, the combin
frequency of occurrence for a single cylinde
release of toxic gas is estimated as:

FTOTAL =  FRANDOM  +  FFORKLIFT

= (1.8 x 10-3) + (2.3 x 10-3)

=  4.1 x 10-3 per year

Expanded Operations Alternative, Reduced 
Operations Alternative, and Greener 
Alternative Frequency Analysis  

There are no differences in operations 
throughput across the alternatives for th
scenario.  Accordingly, the No Action
Alternative frequency value represents a
alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of CHEM–04

Several uncertainties are associated with 
selected accident scenario frequency a
conditional probability parameters.  In all case
realistically conservative values have been us
based on identified accident conditions an
facility-specific conditions.

Source Term Calculations

Accident screening of the historical chemic
inventory data identified selenium hexafluorid
as the dominant chemical-of-concern for 
single toxic gas cylinder (75 liters) release.  Th
chemical had the greatest ERPG–2 a
ERPG–3 distances for a single cylinder out 
the historical inventory, which should b
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broadly representative of future activities.  In
fact, it should be generally the case that future
gas cylinders passing through TA–54–216
would be less hazardous than in the past, due to
effort by LANL to reduce its inventory of
hazardous chemicals.

The release is modeled as a direct release of
7.5 liters of gas per minute for 10 minutes.  The
release is modeled in this manner because there
is insufficient information available regarding
cylinder size and pressure to perform a more
precise calculation.  There is no variation in the
MAR or postulated accident conditions from the
No Action Alternative across the remaining
alternatives.

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–04

The source term calculation is based on the
single cylinder’s size and chemical producing
the largest ERPG–2 and ERPG–3 distances for
the toxic gas cylinders processed through
TA–54–216 in the historical database.  Given
this, unless circumstances change significantly
(i.e., a much more toxic chemical is handled in
significant quantity), this release should be
bounding.  It should be noted that it is
conservative to assume that the cylinder is full;
it is likely that the inventory may have been
partially or largely depleted during use.

Consequences of CHEM–04 for Facility 
Workers and the Public

Typically four to five people actively work in
the Area L yard in which TA–54–216 is located.
An additional ten people may be present in the
yard in support of construction activities.
Depending on the nature of activity at
TA–54–216, zero to three people would be
expected to be present at the facility itself.

Traumatic injuries or fatalities could occur from
missiles for any individuals present at the time
of cylinder rupture or involved in the forklift
accident.  Health consequences from the toxic

nature of the released gas also may occ
Depending on exposure levels and duratio
four possible adverse health outcomes m
result:  (1) mild, transient adverse health effec
(2) reversible, but more serious adverse hea
effects; (3) irreversible, adverse health effec
and (4) life-threatening health effects.

For outdoor incidents, facility workers ar
trained (Emergency Action Plan) to stop a
activity and to leave the immediate area for a
release of an unknown substance or know
hazardous substance.  Personnel are traine
alert others and to activate applicable alarms
the way out and to proceed upwind (based 
direction of visible windsock, wind vane, o
other indicators) to the nearest muster station
not at immediate risk, the worker is trained 
shutdown equipment.  Emergency respon
planning also includes provisions fo
evacuation.  These actions will serve to mitiga
impacts to workers.

Under adverse dispersion conditions, th
ERPG–2 distance is about 230 yard
(210 meters). Under conservative daytim
dispersion conditions, the ERPG–3 an
ERPG–2 exposure distances are less th
100 yards.  The average number of peop
exposed to greater than ERPG–3 and ERPG
concentrations for conservative daytim
dispersion is provided in Table G.5.5.4–1.

G.5.5.5 CHEM–05, Multiple 
Cylinder Release of Toxic 
Gas from Waste Gas 
Cylinder Storage at 
TA–54–216

General Scenario Description

This scenario occurs at the same facility 
CHEM–04; however, it differs in that the
consequence results from the boundin
historical inventory of chemicals present i
multiple cylinders.  Accident screening of th
G–142
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historical chemical inventory data identified
sulfur dioxide as the dominant chemical-of-
concern for a multiple toxic gas cylinder release.  

Properties of Sulfur Dioxide Gas

Sulfur dioxide is a colorless, nonflammable gas
(or liquid under pressure).  Sulfur dioxide (SO2)
is listed on EPA’s Extremely Hazardous
Substances List.  It is a poisonous gas chiefly
affecting the upper respiratory tract and the
bronchi, and it is also a corrosive irritant to the
eyes, skin, and mucous membranes
(Lewis 1993).  

CHEM–05 Release Mechanisms

Based on the type of activities conducted at
TA–54–216, potential accident initiators
leading to a multiple cylinder release include
propagation of a random failure of a cylinder
(rupture) from missiles, a forklift fire or a
delivery/shipment truck fire incident, or rupture
and subsequent BLEVE (boiling liquid
expanding vapor explosion) of the adjacent
propane tank.  The resulting fireball and thermal
radiation would be the primary concern
associated with potential to impact multiple
cylinders.  Propane tank leak explosion hazards
include the potential for significant
overpressure and missiles.

No Action Alternative Frequency Analysis

While sulfur dioxide is the dominant chemical-
of-concern for a multiple cylinder release, the
frequency of a multiple cylinder release of any
gas was calculated at TA–54–216 using the
typical inventory of gas cylinders at the facility
and associated movements.  This provides a
bounding estimate of risk associated with a
multiple cylinder release of sulfur dioxide and
gives a broader representation of risk for site-
wide activities potentially leading to a multiple
cylinder release of a toxic gas (postulated
chlorine releases are evaluated separately).

Potential accident initiators leading to a
multiple cylinder release include propagation of

a random failure of a cylinder (rupture) from
missiles, a forklift fire or a delivery/shipmen
truck fire incident, or rupture and subseque
BLEVE/explosion of the adjacent propane tan
Thus, the combined frequency (FTOTAL) of a
multiple cylinder release may be quantified as

FTOTAL =  FRANDOM  +  FFLFTFIRE    +   
FTRKFIRE  +  FPROTANK

where:

FRANDOM = Frequency of a toxic gas releas
due to a random cylinder failure

FFLFTFIRE = Frequency of a toxic gas releas
due to a forklift fire

FTRKFIRE = Frequency of a toxic gas release d
to a truck fire

FPROTANK = Frequency of a toxic gas releas
due to detonation of the propane tank

Random failure can occur due to a variety 
causes (including cylinder defects, weatherin
corrosive attack, damage to valving).  Fo
propagation of a random failure resulting in 
multiple cylinder release, the frequenc
(FRANDOM) can be estimated as follows:

FRANDOM =  8,760 x RHOUR x NCYL x CPROP 

where:

8,760 = Number of hours in a year (24 hours
365 days)

RHOUR = Random failure rate of pressurize
cylinder (1 x 10-9/hr) (Mahn et al.1995)

NCYL = Number of toxic gas cylinders at ris
(200 representative inventory)

CPROP = Conditional probability of propagating
failure given one cylinder ruptures

The CMR Building SAR (LANL 1995c)
indicates based on historical experience tha
leak is 20 times more likely to occur than 
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rupture.  Leaks will not propagate unless the
leaked gas is flammable or pyrophoric; sulfur
dioxide is neither.  Consequently,
conservatively assuming that propagation
occurs given a rupture, the conditional
probability of propagation is 0.05 (1/20).  This
value is considered to be very conservative,
especially considering the separation of several
of the cylinder racks to accommodate forklift
movements.  The above equation can be
quantified as follows:

FRANDOM =  8,760 x RHOUR x NCYL x CPROP

= 8,760 x (1 x 10-9) x 200 x 0.05

=  8.8 x 10-5 per year

The frequency of a forklift fire (FFLFTFIRE)
leading to a release of  toxic gas from multiple
cylinders may be analyzed using the following
equation:

FFLFTFIRE =  NFMOVE x NHOUR x FFUEL x 
CPING

where:

NFMOVE = Number of forklift movements per
year

NHOUR = Number of hours per forklift
movement

FFUEL  =  Frequency of a fuel tank rupture per
hour

CPING = Conditional probability of ignition
given a fuel tank rupture and subsequent
propagation of failure

From 1983 to November 1996, TA–54–216
received 4,144 waste cylinders.  Thus,
annual throughput has been approximately 300
(4,144/14) cylinders per year.  Forklift
movements at TA–54–216 occur at the time of
receipt and for off-site shipment.  Additionally,
it is assumed that at least one forklift movement
is made for inventory control/staging while

stored at TA–54–216.  Multiple cylinders ar
stored in racks.  It is conservatively assum
that only two cylinders are stored per rac
resulting in an estimated 450 (3 x 300/2) forkli
movements per year.  It is conservative
assumed that each forklift movement has
duration of 0.5 hour.

The frequency of a forklift fuel tank rupture an
a resulting fire is assessed for TA–54–214 bas
on methods and data contained in the TA–5
Area G hazard analysis (LANL 1995g) and th
evaluation of ignition probabilities given a tan
rupture by the Reliability Analysis Center in
Rome, New York (RAC 1991).  The frequenc
of a fuel tank rupture was assessed as 2.3 x 1-5

per hour in the TA–54 hazard analysis (LAN
1995g).  For a nondiesel fuel (propane), t
conditional probability of ignition given a
rupture is assigned a value of 1 x 10-2.

Thus, the above equation can be quantified
follows:

FFLFTFIRE =  NFMOVE x NHOUR x FFUEL x 
CPING

=  450 x 0.5 x (2.3 x 10-5) x 0.01

=  5.2 x 10-5 per year

The frequency of a truck fuel leak and fir
contributor accident can be estimated using 
following equation:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

where:

FFIRE = Frequency of a fire at TA–54–216

NSHIPMENTS = Number of shipments to or from
TA–54–216 per year

CLEAK = Conditional probability of fuel leak
per shipment

CPFIRE = Conditional probability of a fire given
a fuel leak and subsequent propagation 
failure
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The frequency of a fuel system leak or fuel tank
leak and a resulting fire is assessed for
TA–54–216 based on methods and data
contained in the TA–54, Area G Hazard
Analysis (LANL 1995g) and the evaluation of
TRU waste transportation by H&R Technical
Associates, discussed in section G.5.5.1.  On
a per trip basis, the likelihood of a fuel leak is
0.1/78, or 1.3 x 10-3 per trip.  The conditional
probability of a fire given a fuel leak is 4.7 x
10-3 per fuel leak.  The number of shipments is
estimated at 60 shipments per year (300 cylinder
throughput per year x 2 shipments per cylinder/
10 cylinders per shipment).  Thus, the above
equation can be quantified as follows:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

= 60 x (1.3 x 10-3) x (4.7 x 10-3)

= 3.7 x 10-4 per year

For a random tank failure and subsequent
BLEVE/explosion (FRANDOM), the frequency
can be estimated as follows:

FRANDOM = 8,760 x RHOUR x CPEXP

where:

8,760 = Number of hours in a year (24 hours x
365 days)

RHOUR = Random tank failure rate per hour

CPEXP = Conditional probability of a BLEVE/
explosion and subsequent propagation of failure

The random failure rate of a pressurized tank,
accounting for in-service inspections is
10-10 per hour (Mahn et al. 1995).  The
conditional probability of a BLEVE/explosion
versus no ignition or jet flaming is
conservatively estimated to be 0.25 on the basis
that propane has a very narrow explosive range
(lower explosive limit of 2.1 and an upper
explosive limit of 9.5) (MGP 1997).

Thus, the above equation can be quantified
follows:

FRANDOM = 8,760 x RHOUR x CPEXP

= 8,760 x (1 x 10-10) x 0.25

= 2.2 x 10-7 per year

From the above analyses, the combin
frequency of occurrence for a multiple cylinde
release of toxic gas is estimated as:

FTOTAL =  FRANDOM  +  FFLFTFIRE    +   
FTRKFIRE  +  FPROTANK

FTOTAL =  (8.8 x 10-5) + (5.2 x 10-5) + (3.7 x   
10-4) + (2.2 x 10-7)

FTOTAL =  5.1 x 10-4 per year

Expanded Operations Alternative, Reduced 
Operations Alternative, and Greener 
Alternative Frequency Analysis 

No differences in operations across th
alternatives have been identified for th
accident scenario.  Accordingly, the abov
frequency calculations represent all alternative

Uncertainties and Sensitivities Affecting the 
Frequency of CHEM–05

Several uncertainties are associated with 
selected accident scenario frequency a
conditional probability parameters.  In all case
realistically conservative values have been us
based on identified accident conditions an
facility specifics.

Source Term Calculations

The source term for this accident scenario 
based on a release of the contents of multi
toxic gas cylinders. Accident screening of th
current chemical inventory data identified sulfu
dioxide as the dominant chemical-of-conce
for a multiple toxic gas cylinder (136 liters
release.  The release is modeled as tw
G–145
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150-pound cylinders releasing 30 pounds per
minute for 10 minutes.  The release is modeled
as a continuous release because insufficient
information is available concerning the cylinder
size and pressure.

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–05

Sulfur dioxide is the dominant chemical-of-
concern from a toxic standpoint.  Source term
uncertainties include the total number of
cylinders that may be affected by a specific
accident initiator, the release rate from the
cylinders, and  the possible influences of
building wakes and buoyancy considerations for
fire events. 

Consequences of  CHEM–05 for Facility 
Workers and the Public

Typically four to five operations personnel
actively work in the Area L yard where
TA–54–216 is located.  An additional ten
people may be present in the yard in support of
construction activities.  Depending on the nature
of activity at TA–54–216, zero to three people
would be expected to be present at the facility
itself.

Traumatic injuries or fatalities could occur from
missiles for any individuals present at the time
of the postulated cylinder ruptures or involved
in the forklift/truck fire incidents.  Health
consequences from the toxic nature of the
released gas also may occur.  Depending on the
exposure levels and durations, four possible
adverse health outcomes may result:  (1) mild,
transient adverse health effects; (2) reversible
but more serious adverse health effects;
(3) irreversible, adverse health effects; and
(4) life-threatening health effects.

For outdoor incidents, facility workers are
trained (Emergency Action Plan) to stop all
activity and to leave the immediate area for any
release of an unknown substance or known
hazardous substance.  Personnel are trained to

alert others and to actuate applicable alarms
the way out and to proceed upwind (based 
direction of visible windsock, wind vane, o
other indicators) to the nearest muster station
not at immediate risk, the worker is trained 
shutdown equipment.  Emergency respon
planning also includes provisions fo
evacuation.  These actions will serve to mitiga
impacts to the workers.

Under adverse dispersion conditions (stab
atmosphere), the ERPG–2 distance is 1.7 mi
(2.7 kilometers), while the ERPG–3 distance
0.75 mile (1.2 kilometer).  Under conservativ
daytime dispersion conditions, the ERPG–
distance ranges from 0.62 to 0.81 mile (1.0 
1.3 kilometers), while the ERPG–3 distanc
ranges from 0.28 to 0.34 mile (0.45 t
0.55 kilometer).  The average affecte
population at higher than ERPG–2 and ERPG
concentrations under conservative daytim
dispersion conditions is shown in
Table G.5.5.5–1.  There are only two direction
(west and northwest) where the off-sit
population can be exposed, due to t
remoteness of the site.  

G.5.5.6 CHEM–06, Chlorine Gas 
Release from Outside the 
Plutonium Facility

General Scenario Description

TA–55–4 is the LANL Plutonium Facility.  At
TA–55–4, gaseous chlorine is used for vario
processes.  The chlorine is supplied by pipi
from a 150-pound cylinder that is kept in 
storage room for corrosive and toxic gase
outside TA–55–4.  When the chlorine is not 
use, the piping is shut off at the chlorine tan
valve, and the line is purged and the
pressurized with argon to prevent leaks duri
off-duty hours (LANL 1996k).

In this scenario, a chlorine release occurs due
a failure of piping associated with a chlorine g
cylinder.  The piping failure is assumed to occ
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outside TA–55–4, leading to a release directly to
the atmosphere (LANL 1996k).  Chlorine is a
heavy gas, which will affect the downwind
dispersion of the gas following release.  The
properties of chlorine gas and heavy gases are
discussed in section G.5.5.1.  

Accident Scenario CHEM–06 was analyzed in
detail in the TA–55–4 SAR.  The SAR analysis
considered significant inventories of hazardous
chemicals with potential for release affecting
workers and the off-site population.  The hazard
analysis that underlies the SAR identified a spill
of nitric acid, a spill of hydrochloric acid, a
release of gaseous fluorine or hydrogen
fluoride, and a release of gaseous chlorine as
possible scenarios (LANL 1996k).  

The SAR evaluated the tests through which
DOT-approved storage cylinders are placed,
and concluded that catastrophic failures of gas
bottles are not expected.  Rather, the SAR found
that chronic releases from improper or failed
connectors at piping manifolds are the most
likely cause of a release.  Using a Gaussian
dispersion model, the SAR analyzed the
consequences of the bounding toxic gas releases
at a 2,952-foot (900-meter) distance where
public exposure is possible.  Chlorine was found
to produce the bounding consequence
(LANL 1996k).

The SAR analysis assumed a release of
150 pounds of chlorine gas over a 15-minute
period at a release height of 16 feet (5 meters).
The downwind concentration of chlorine was
calculated using the CHEM-MIDAS heavy gas
dispersion model, and evaluated for adverse
dispersion conditions (in this case, stability
Class F and 1.9 meters per second wind speed).
The code calculated a concentration at the Royal
Crest Trailer Court of 8 parts per million
(LANL 1996k).  The ERPG–3 concentration for
chlorine is 20 parts per million, while the
ERPG–2 level is 3 parts per million.

CHEM–06 Release Mechanisms

The TA–55 SAR assumed the chlorine relea
was due to a break in the line outside TA–55–4

No Action Alternative Frequency Analysis

During the facility walkdown, it was learned
that the TA–55 SAR frequency bin assignme
of 10-2 to 10-1 per year for this scenario wa
based on one event in 16 years (1978 to1996
which a cylinder of chlorine was partially
released as a result of mechanical damage to
gas line.  Because this was a partial failure, t
calculation of frequency based on one event
16 years (6.3 x 10-2 per year) is conservative.  

Expanded Operations Alternative, Reduced 
Operations Alternative, and Greener 
Alternative Frequency Analysis

There are no differences in operations across
alternatives affecting the chlorine system.  T
frequency estimated above for the No Actio
Alternative is considered to be applicable to t
remaining alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of CHEM–06

The TA–55 hazard analysis places the rupture
the gas manifold due to impact by heav
equipment in the frequency bin from 10-4 to 10-2

per year (LANL 1996l).  The hazard analys
also identifies a gas leak in Room 116 in th
same frequency bin, citing Unusual Occurren
Report 89832 (LANL 1996l).  Figure 2A–3 o
the TA–55 SAR identifies Room 116 o
TA–55–4 as a corridor between the 100 Ar
and 200 Area rooms on the first floor of th
building.  This release would affect TA–55–
workers in the first instance, but woul
ultimately be released to the environment.

Other failure modes for chlorine release a
possible, such as random cylinder or manifo
failure, or human error during cylinde
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changeout (see section G.5.5.1).  Given the
much lower level of activity at TA–55–4 for
chlorine cylinder changeout, the experience-
based frequency cited above is selected.

Source Term Calculations

The release is assumed to be a ground level
release of a full, 150-pound cylinder.  There are
no differences in source term across the SWEIS
alternatives.  The release is modeled as a
15-pound per minute release into the building
for 10 minutes, in accordance with the
description of the release in the TA–55 SAR.

The EPA RMP off-site consequence analysis
guidance issued in 1996 indicates that when a
toxic gas is released inside a building that has
direct contact with the outside environment
(such as a shed), the release rate is ameliorated
somewhat due to mixing within the shed.  The
guidance suggests multiplying the release rate
by 0.55 (EPA 1996).  In order to obtain the
release duration, it is then necessary to divide
the total quantity released by the effective
release rate.  When this method is applied to the
TA–55 chlorine gas leak, the release duration is
increased to 18.2 minutes and the outdoor
concentrations proportionately reduced.

Uncertainties and Sensitivities Affecting the 
Source Term for CHEM–06

The release rate from the cylinder itself is
modeled as a continuous rate; whereas, releases
from cylinders vary with time.  The 10-minute
period is regarded as conservative.  The factor
of 0.55 accounting for the retention time prior to
release to the outdoors is uncertain for this
storage shed.

Consequences of CHEM–06 for Facility 
Workers and the Public

Facility worker and public consequences a
addressed separately.  Because the air inta
for TA–55–4 are on the west end of the buildin
at a point centered 18 feet (5.5 meters) above
ground, and the chlorine release point is on t
north side of the building (LANL 1996k), it is
unlikely that chlorine released into the air wou
be drawn into the building by the ventilatio
system.  Moreover, there is a 30-inc
(76-centimeter) diameter butterfly valve in th
intake ductwork that can be closed manually 
act as a shut-off valve (LANL 1996k).  TA–55
personnel located outdoors at the time of t
accident could be exposed to hig
concentrations of chlorine.  However, thes
personnel would be in a position to evacua
from the affected area very quickly (bein
outdoors), which should reduce the potential f
health effects. 

Under adverse dispersion conditions (stab
atmosphere), the ERPG–2 distance ranges fr
0.58 to 0.66 mile (0.93 to 1.1 kilometer), whil
the ERPG–3 distance is 0.2 mil
(0.32 kilometer).  Under conservative daytim
dispersion conditions, the ERPG–2 distance
about 0.27 mile (0.43 kilometer), while th
ERPG–3 distance is about 0.10 mi
(0.16 kilometer).  The average number 
members of the public exposed above ERPG
and ERPG–3 concentrations under conservat
daytime dispersion conditions is shown 
Table G.5.5.6–1. 
G–148



Accident Analysis

G–149

TABLE  G.5.5.6–1.—Summary Results for Scenario CHEM–06

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 6.3 x 10-2 150 pounds of chlorine released in 18.2 minutes; average number of 
people exposed above ERPG–2 and ERPG–3 concentrations is 102 

and 7, under conservative daytime dispersion conditions.

Expanded Operations 6.3 x 10-2 Same as No Action Alternative.

Reduced Operations 6.3 x 10-2 Same as No Action Alternative.

Greener 6.3 x 10-2 Same as No Action Alternative.
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G.5.6 Radiological Accidents

G.5.6.1 RAD–01, TRU Waste 
Container Storage Area Fire 
at NDA/NDE Facility 
(TA–54–38)

General Scenario Description

The Nondestructive Assay/Nondestructive
Examination (NDA/NDE) Facility conducts
verification assay and radiographic examination
of unopened waste containers to confirm
compliance with waste acceptance criteria
(WAC).  An outdoor container storage area
(40 feet by 40 feet [12 meters by 12 meters]) is
designated to stage waste processed through the
facility.  The outdoor Container Storage Area
has a RCRA Part B permitted capacity of
7,920 gallons of mixed waste, which is
equivalent to 144, 55-gallon drums.  However,
the capacity of the Container Storage Area is
administratively controlled to 23 DOT Type A
drums (of the type used for TRU waste).
Scenario RAD–01  involves an airborne release
of radioactive material due to a fire that
develops at the outdoor Container Storage Area.  

Properties of TRU Waste.  Transuranic waste
contains at least 100 nanocuries per gram of
transuranium isotopes (primarily plutonium and
americium).  It is present in a wide variety of
forms at LANL, some of which are combustible
(e.g., paper, plastic, etc.)  and some of which are
not combustible  (e.g., concrete).

RAD–01 Release Mechanisms.  Potential
accident initiators include:  (1) truck fires,
(2) forklift fires, (3) external fires (wild fires),
(4) lightning strikes, and (5) aircraft accidents.
Aircraft crash was evaluated in section G.4 and
is not considered further here.  Lightning may
strike the Container Storage Area or pose an
indirect hazard by initiating a wildfire.  The
Container Storage Area does not have lightning
protection; however, a lightning strike would, at

most, pose a localized hazard due to ignition
combustible waste.  It would have a very limite
opportunity to propagate with waste containe
in metal drums and the low combustible loadin
of the storage array.  Wild fires, initiated b
lightning strikes or otherwise, do not pose 
significant hazard considering the develope
nature of the area (e.g., pavement) and the ti
available to take mitigative actions.  A forklif
fire would be credible but would be
significantly bounded by the MAR for a truck
fire accident.

Two truck fire scenarios could occur.  The fir
is an accident involving a truck that causes
fuel leak and subsequent fire involving th
Container Storage Area.  This is judged not to
credible considering the low truck speed
involved in the confined yard area and th
limited vehicle traffic, with the exception o
forklift activity.  The second involves a truck
parked near the Container Storage Area t
could experience a fuel system leak or fuel ta
leak due to causes unrelated to a vehi
accident.  Once a fuel leak occurs, ignition 
the spilled fuel would lead to a fire that, if it i
close enough to the Container Storage Area a
if it is not suppressed, would envelop multip
waste containers.  This scenario is retained 
analysis.  The TA–54–38 safety assessment 
not evaluate the potential for a Contain
Storage Area fire (LANL 1996j).

No Action Alternative Frequency Analysis

The frequency of a truck fuel leak an
subsequent fire accident can be estimated us
the following equation:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

where:

FFIRE = Frequency of truck fuel leak and fire

NSHIPMENTS = Number of shipments to or from
the outdoor Container Storage Area 
TA–54–38 per year
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CLEAK = Conditional probability of fuel leak
per shipment

CPFIRE = Conditional probability of a fire given
a fuel leak

The frequency of a fuel system leak or fuel tank
leak and a resulting fire is assessed for the
outdoor Container Storage Area based on
methods and data contained in the TA–54,
Area G Hazard Analysis (LANL 1995g) and the
evaluation of TRU waste transportation by
H&R Technical Associates (Rhyne 1994).  As
described in section G.5.5, on a per trip basis,
the likelihood of a fuel leak is 0.1/78, or 1.3 x
10-3 per trip.  Similarly, as described in
section G.5.5, the conditional probability of a
fire given a fuel leak is 4.7 x 10-3 per fuel leak.

Facility truck movements may be associated
with the loading dock, the truck bay (primarily
in support of Waste Isolation Pilot Plant [WIPP]
shipments), and the outdoor Container Storage
Area.   LANL intra-site shipments of TRU
waste average approximately 16 drums per
shipment, with a maximum of 40 drums.
Because the Container Storage Area capacity is
administratively controlled to a limit of 23
drums, it will be assumed that all shipments are
23-drum shipments.  It is assumed that
shipments associated with the outdoor
Container Storage Area would primarily be
conducted to receive waste from TA–54 Area G
for staging just prior to shipment to WIPP and
are insensitive to the facility throughput for
assay verification. Each WIPP shipment
consists of three Transuranic Packaging
Transporter (TRUPACT)-IIs, each with a cargo
capacity of 14 drums, for a total of 42 drums per
WIPP shipment.  Under the proposed action for
WIPP, a total of 5,009 shipments to WIPP are
projected over 35 years (DOE 1996d).  This
gives an average WIPP shipment rate of 143 per
year.  Thus, it is estimated that there are 261
(143 x 42/23) shipments per year from TA–54
Area G to the outdoor Container Storage Area.

Thus, the above equation can be quantified
follows:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

FFIRE = 261 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 1.6 x 10-3 per year

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

Because the above frequency analysis is ba
on an average WIPP shipment schedule tha
unaffected by the SWEIS alternatives, th
frequency calculated above is considered to 
applicable to all alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–01

Uncertainties in the frequency point estimat
include the frequency of a fuel leak pe
shipment, the conditional probability of a fue
fire given a fuel leak, and the number o
shipments per year.

Source Term Calculations

The MAR for the postulated accident is limite
by the fraction of waste inventory immediatel
involved in the truck fuel pool fire.  The MAR
is estimated based on a 100-gallon (379-lite
fuel spill, yielding a burn area of 500 square fe
(46 square meters).  This is based on a burn a
relationship of 250 square feet (23 squa
meters) for 50 gallons of fuel  (RFETS 1994
Even allowing for aisle spacing as required b
the Resource Conservation and Recovery A
(RCRA), the entire Container Storage Are
inventory of 23 drums could be consumed in
fire of 500 square feet (46 square meters).

Potential waste forms present include solidifie
liquids (aggregate); surface contaminate
packaged combustible solids; and surfa
contaminated, noncombustible solids.  Th
bounding ARF and RF products for these thr
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waste forms in a thermal stress environment
(fire) are 6 x 10-5, 5 x 10-4, and 6 x 10-5,
respectively (DOE 1994a).  (Recall, ARF =
airborne release fraction [the fraction of the
material suspended in the air as an aerosol and
thus available for transport due to the physical
stresses from a specific accident of due to
operation of HVAC systems], and RF =
respirable fraction [the fraction of the aerosols
that can be transported through the air and
inhaled into the human respiratory system,
commonly assumed to include particles of 10
microns aerodynamic equivalent diameter or
less].)

Consequently, it can be concluded that releases
will be dominated by combustible waste and the
analysis will be limited to this waste form.  It is
conservatively assumed that 35 percent of the
radiological inventory is present in combustible
waste forms (combustible waste comprises
approximately 10.3 percent of TRU waste by
volume) (LANL 1996o, estimated from
Table 4–1); however, the higher value is meant
to account for the presence of decontamination
trash, HEPA filters, and the relatively high
surface contamination area to volume ratio for
combustible materials.  Separate calculations
are performed for combustible and
noncombustible forms.  Thus, for the MAR (23
drums), the damage ratio is set equal to 0.35 for
combustible material and at 0.65 for
noncombustible forms.  The Container Storage
Area is located outdoors; consequently, the LPF
is 1.0.

Currently, the average TRU radioactive
material content per waste container is 8.9
plutonium-239 equivalent curies (PE-Ci)
(LANL 1995f).  Less than 1 percent of all TRU
waste containers in the existing Area G
inventory exceed 75 PE-Ci in radioactive
material content (LANL 1995c).  The
predominant TRU waste generated at LANL is
weapons-grade plutonium.  The LANL fissile
gram equivalent limit for this material type is 25
PE-Ci per drum (LANL 1995c).  Revision 5 of
the WIPP WAC limits the maximum

plutonium-239 equivalent activity for untreate
contact-handled TRU waste to be received 
the facility to 80 PE-Ci per drum (if not
overpacked).  Considering that the postulat
accident scenario involves multiple drums (23
that the drums represent a small fraction of t
total TRU waste inventory managed at LANL
and their radioactive content could be skewed
the high end (depending on the waste genera
source); and the above TRU limits; it i
conservatively assumed that one drum conta
the WIPP WAC limit for untreated waste o
80 PE-Ci (if not overpacked) and the other 2
drums involved in the fire have an average TR
content of 25 PE-Ci.

With the above information, the initial sourc
term equation can be quantified as follows:

Initial Combustible Source Term = MAR x DR
x ARF x RF x LPF

= [(22 x 25 PE-Ci) + (80 PE-Ci)] x 0.35 x (5 x
10-4) x 1 x 1

= 0.11 PE-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= [(22 x 25 PE-Ci) + (80 PE-Ci)] x 0.65 x (6 x
10-5) x 1 x 1

= 0.02 PE-Ci

Total Initial Source Term = Initial Combustible
+ Initial Noncombustible

= 0.11 PE-Ci + 0.02 PE-Ci

= 0.13 PE-Ci

The  MAR equals the initial MAR, minus the
initial source term.  The DR and LPF are set
1.  The ARR and RF are assigned values of 
10-5 and 1.0, respectively, based on boundi
resuspension factors for surface contamina
combustible solids exposed to ambie
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conditions (DOE 1994a).  Thus, the suspension
source term can be quantified as:

Suspension Source Term = MAR x DR x ARR 
x 24 hrs x RF x LPF

= (630 - 0.13 PE-Ci) x 1 x (4 x 10-5) x 24 hrs x 
1 x 1

= 0.60 PE-Ci

The suspension source term is conservative,
considering that fire protection actions (e.g.,
foam, water spray) and contamination control
measures would likely limit airborne releases
significantly.  This would reduce the suspension
period from the 24 hours assumed above to a
much smaller number, which could in principle
be zero.  The 24-hour calculation is retained as
a conservative measure for impact estimation.
There are no variations in source terms across
the alternatives.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–01

A significant uncertainty for this postulated
accident is quantification of the MAR in terms
of the number of drums involved in the fire and
their associated radioactive material content.
Accepted methodologies and reasonably
conservative radiological estimates have been
made to provide an upper estimate of the source
term.

It could be postulated that the truck fire would
lead to an explosion of the truck’s fuel.  This
accident would have a lower frequency, perhaps
being incredible, but would not involve more
than the 23 drums.  The explosion could
disperse the drums, perhaps beyond the range of
the fire, but the release and airborne fraction
would likely not increase.  Section 5.1 of DOE
Handbook 3010 (DOE 1994d) gives a median
ARF of  8 x 10-5 and a bounding ARF of 5 x 10-4

for thermal stress on packaged combustible
solids.  The ARF used in this analysis was also
5 x 10-4.

Consequences of RAD–01 for Facility 
Workers and the Public

Consequences for facility workers and th
public are considered separately.  On a day sh
a total of 12 facility workers (including truck
bay activities) would typically be involved with
facility operations and would be at risk fo
exposure to airborne radioactive material.

No acute fatalities are predicted to result fro
the postulated accident.  The mean collecti
population dose is projected to total 72 perso
rem (TEDE), resulting in 0.036 excess LCF
Mean projected doses for MEIs (and the
associated locations) and ground contaminat
levels are presented in Tables G.5.6.1–2 a
G.5.6.1–3, respectively.  Table G.5.6.1–
summarizes the modeling results for RAD–01

G.5.6.2 RAD–02, Natural Gas 
Pipeline Failure, Ingestion, 
and Explosion/Fire at CMR 

General Scenario Description  

This accident scenario involves the rupture o
3-inch (8-centimeter) natural gas pipeline ne
the CMR Building (TA–3–29), no immediate
ignition of the gas, transport of the gas to th
CMR intake structure, and subseque
explosion and fire in Wing 7 of the CMR
Building.  Rupture of the natural gas pipeline 
assumed to be due to construction work in t
vicinity of the pipeline (the pipeline also could
fail randomly, but this is a lower frequenc
failure mode).

Although the CMR Building itself is not served
by natural gas, a buried natural gas pipeline ru
along its eastern boundary.  At this location, t
pipeline is a 3-inch (8-centimeter) diamete
100 psia natural gas pipeline.  The speci
scenario identified in the CMR SAR involves 
failure of the section immediately in front of th
CMR Building, which is located abou
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TABLE  G.5.6.1–1.—Summary Results for Scenario RAD–01

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 1.6 x 10-3 per year Initial source term: 0.13 PE-Ci, elevated thermal release; 
suspension source term: 0.60 PE-Ci, ground-level release; mean 

population dose of 72 person-rem excess LCF of 0.036.

Expanded Operations 1.6 x 10-3 per year Same as No Action Alternative.

Reduced Operations 1.6 x 10-3 per year Same as No Action Alternative.

Greener 1.6 x 10-3 per year Same as No Action Alternative.

TABLE  G.5.6.1–2.—Predicted Mean Doses to MEIs for Scenario RAD–01

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access (SA):  Pajarito Road (100 m) 4.6 x 101

Special population distance:  San Ildefonso Pueblo boundary (400 m) 3.5 x 100

Special population distance:  Mortandad Cave (2,400 m) 1.4 x 10-1

Closest residence:  Royal Crest Trailer Park (4,300 m) 5.1 x 10-2

Special population distance:  San Ildefonso Pueblo (11,600 m) 1.3 x 10-2

TABLE  G.5.6.1–3.—Predicted Mean Ground Contamination Levels for Scenario RAD–01

RADIAL 
DISTANCE

PLUTONIUM-239 GROUND 
CONCENTRATION

(BQ/m2)

0.0 to 1.0 km 1.1 x 104

1.0 to 2.0 km 1.2 x 103

2.0 to 3.0 km 4.7 x 102

3.0 to 4.0 km 2.6 x 102

4.0 to 8.0 km 1.3 x 102

8.0 to 12.0 km 7.6 x 101

12.0 to 20.0 km 3.5 x 101

20.0 to 30.0 km 1.7 x 101

30.0 to 40.0 km 8.4 x 100

40.0 to 60.0 km 4.2 x 100

60.0 to 80.0 km 2.4 x 100

BQ/m2 = Becquerel per square meter
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120 meters from the CMR ventilation intakes
located near the spinal corridor of the facility. 

This accident scenario is analyzed in the CMR
SAR (LANL 1995c).  The SAR states that
construction potentially leading to this event
occurs about every 3 years, and that the
conditional probability of damaging the line
with construction equipment is 1 x 10-3 per
construction event (LANL 1995c).  This results
in an initiating event frequency of 3.3 x 10-4 per
year.

The SAR includes an event tree for evaluating
the frequency of the accident scenario.  The
event tree accounts for the conditional
probability of no external explosion, whether
the gas drifts toward or away from the CMR
Building, whether the concentration at the
intake is above the lower explosive limit (LEL)
for natural gas, whether an explosion occurs at
the intake, and whether an explosion and/or a
fire occur interior to the CMR Building (LANL
1995c).  The event tree identifies five separate
outcomes leading to an accident:

• External explosion, 1.7 x 10-4 per year
• Internal explosion without a fire, 1.6 x 10-7 

per year
• Explosion at the CMR HVAC intake 

structure, 1.6 x 10-6 per year
• Explosion and fire at the CMR HVAC 

intake structure, 1.8 x 10-7 per year
• Internal explosion with a fire, 1.5 x 10-6 per 

year

Because the internal explosion with a fire is the
most likely event having radiological
consequences, this is the outcome that is
modeled in the SAR and in the SWEIS.  The
SAR states that an internal explosion is likely to
involve only one half of the laboratories in a
wing because ventilation in each half of each
wing is supplied by a separate supply fan.
However, the remainder of the wing could be
damaged by fires ignited by the explosion.  The
explosion also may damage the fire suppression

sprinkler system, so no credit is given fo
containing any fires subsequent to an explosi
in a wing.  Finally, if the explosion involves a
significant portion of a wing, damage to th
building structure may occur (such as blowin
out the glass block windows and doors
creating an open leak path to the environme
(LANL 1995c).  

The most vulnerable sections of the CM
Building for this accident are Wings 2, 3, and
(and the Administrative Wing) because the
wings are located on the east side of the CM
Building nearest the natural gas pipeline.  T
source term analysis is based on Wing 7 beca
that wing has the highest administrative limit o
dispersible MAR of these three wings (LANL
1995c).

Wing 7 has an administrative limit of 6
kilograms of plutonium-239 equivalent in
dispersible form.1  Of this amount, one kilogram
was assumed to be located outside 
gloveboxes or sealed metal containers a
unprotected from direct blast effects.  Th
release is assumed to be a ground level rele
(LANL 1995c).

RAD–02 Release Mechanisms

This accident involves consideration o
explosion and fire effects on the MAR in th
CMR Building.  There is a wide variety o
radioactive material stored and used in the CM
Building.  In the SAR and safety limits
documentation, the MAR at the CMR Buildin
is converted to equivalent grams of pu
plutonium-239.  Although this is an abstractio
of what is actually present in the facility, i
captures the radiological effects of the diver
MAR.  Plutonium-239 in both powder and
solution form is considered in this accident.

1. The CMR SAR expresses most radiological releas
as equivalent releases of pure plutonium-239.  The CM
Building has a variety of different types of MAR, 
including various plutonium mixtures.  Wing limits are 
expressed in terms of plutonium-249 equivalents, and t
SAR accident analysis is largely in the same units.
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No Action Alternative Frequency Analysis

The annual frequency for this scenario is
quantified as follows:

F = FPIPE x PEXTEXP x PDRIFT x PLEL x 
PINTAKE x PINTEXP x PINTFIRE

where:

F = Annual frequency of the scenario

FPIPE = Annual frequency of pipe rupture due to
construction

PEXTEXP = Conditional probability of no
external explosion at pipe rupture

PDRIFT = Conditional probability of natural gas
drifting to HVAC intake

PLEL = Conditional probability of concentration
above the LEL at HVAC intake

PINTAKE = Conditional probability of natural
gas not exploding at HVAC intake

PINTEXP = Conditional probability of internal
explosion of natural gas

PINTFIRE = Conditional probability of internal
fire subsequent to explosion

The above equation is evaluated in accordance
with the analysis in the SAR.  As noted, the
frequency of pipe rupture due to construction is
3.3 x 10-4 per year.  (This value is consistent
with generic industry data, which indicate a
pipeline rupture rate of 1.25 per 1,000 miles of
pipeline per year [AICE 1994].  Applied to the
CMR Building, and taking into account 660 feet
[201 meters] of piping in front of CMR [this is
the overall width of CMR], this data yields a
value of 1.6 x 10-4 per year.)  The conditional
probability of no external explosion was set at
0.5 (i.e., as likely as not).  The conditional
probability that the gas drifts toward the CMR
Building is based on historical meteorological
data for LANL, and is set at 0.285 (a

conservative value).  The conditiona
probability that the gas concentration is abo
the LEL at the intake is evaluated at 0.076
(based on a calculation from a Gaussian plu
dispersion model).  The conditional probabilit
of no explosion at the intake is set at 0.5 (i.e.,
likely as not).  The conditional probability of a
internal explosion and the conditiona
probability of a fire given an explosion, are bo
set at 0.9 (i.e., very likely).  

The frequency equation above is evaluated
follows:

F = FPIPE x PEXTEXP x PDRIFT x PLEL x 
PINTAKE x PINTEXP x PINTFIRE

= (3.3 x 10-4) x 0.5 x 0.285 x 0.0769 x 0.5 x 0.9
x 0.9

= 1.5 x 10-6

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

There is no difference in construction frequen
across the alternatives.  No other fact
potentially affecting the conditional probability
of any of the other terms of the No Actio
Alternative frequency equation has bee
identified.  Accordingly, the frequency o
1.5 x 10-6 per year is applicable to the Expande
Operations, Reduced Operations, and Gree
Alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–02

The SAR accident scenario progressio
incorporates several inherent uncertainties th
are resolved with the assignment o
conservative or representative condition
probabilities using engineering/expert opinio
historical meteorological data, and supportin
calculations.  The terms of the frequenc
equation that seem to be the most subject
G–156



Accident Analysis

e
n
ne
en
l

t

e
al
t,
or
n
.
ar

of
R

n
n
d
n
d

he
t.
to

d
m

aft
e
rs
R
he
e
.
as
uncertainty are the two conditional probabilities
of explosion:  PEXTEXP and PINTAKE.  

The conditional probability of no external
explosion at the time of the pipeline rupture
(PEXTEXP) is probably conservative because the
rupture occurs as a result of mechanical damage
to the pipeline, which damage (or the engine on
the equipment performing the excavation)
would be likely to result in ignition of the
escaping gas.  To illustrate, if this term has a
value of 0.1 instead of 0.5, the frequency of the
accident would drop to 3 x 10-7 per year.

Embedded in the analysis details of this scenario
are a number of other assumptions that, if
relaxed from their current conservative values,
could render the scenario less likely or result in
conditions under which the scenario could not
progress due to insufficient gas reaching the
wing to support an explosion and fire.  Among
these assumptions are:  (1) it is assumed that the
supply system can maintain a 100-psia pressure
through the 3-inch pipe for the required period
of time, even though the system is
depressurizing through the break; (2) it is
assumed that the flow rate from the broken pipe
is equal to the critical flow at the initial system
pressure (no credit is taken for pipe segments
depressurizing as a result of the break); and (3)
the fire suppression sprinkler system within the
CMR Building fails 100 percent of the time
given an explosion and fire (this is a
conservative assumption) (LANL 1995c).

More significantly, however, DOE authorized
funding for installation of a flow restriction
orifice in the natural gas pipeline, which is the
source of the above-described accident.  This
orifice will limit gas flow in the event of a
pipeline break to a value that will preclude the
accident from taking place.  Thus, upon
completion of orifice installation this accident
will no longer be credible.  The installation was
scheduled for Fall 1997 at the time the
calculations were made for this accident
appendix.

Other Potential Gas Pipeline Accidents at 
LANL

As a result of the identification of this pipelin
failure accident in the CMR SAR, consideratio
was given to other possible natural gas pipeli
accidents at LANL.  Four examples have be
identified.  The TA–18 SAR identified a natura
gas explosion for the Hillside Vaul
(TA–18–26).  During the walkdown of this
facility, this contributor was screened on th
basis of physical implausibility (e.g., the natur
gas pipeline is shielded from the Hillside Vaul
and there is no active ventilation system n
natural flow process that would result i
ingestion of the gas into the Hillside Vault)
Similarly, natural gas pipelines are located ne
TA–55–4.  In this case, the construction 
TA–55–4 is much more robust than the CM
Building (TA–55–4 has 14-inch-thick
reinforced concrete walls), and the ventilatio
system would remain intact in the event of a
explosion (the HVAC system filters are locate
remotely from the possible site of any explosio
inside TA–55–4).  In the case of both TSTA an
WETF, the natural gas lines are too far from t
facilities to present a credible threa
Accordingly, the CMR scenario is considered 
be the bounding accident of this type.

Source Term Calculations

The initial source term equation is evaluate
four times for four separate source ter
contributors identified in discussions with CMR
facility representatives, and is based on the dr
1996 SAR update for the CMR facility.  Th
four sources of release are MAR in containe
and enclosures affected by the explosion, MA
in solution outside an enclosure affected by t
explosion, MAR in powder form affected by th
fire, and MAR in solution affected by the fire
The initial source term equation is evaluated 
follows for these sources:
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STPOWEXP = MAR x DR x ARF x RF x LPF

STPOWEXP = 2,500 x 1 x 0.005 x 0.3 x 1 = 
3.8 grams

STSOLEXP = MAR x DR x ARF x RF x LPF

STSOLEXP = 500 x 1 x 1 x 1 x 1 = 500 grams

STPOWFIRE = MAR x DR x ARF x RF x LPF

STPOWFIRE = 2,487 x 1 x 0.006 x 0.01 x 1 = 
0.1 grams

STSOLFIRE = MAR x DR x ARF x RF x LPF

STSOLFIRE = 3,000 x 1 x 0.002 x 1 x 1 = 
6.0 grams

Total Initial Source Term = STPOWEXP + 
STSOLEXP + STPOWFIRE + STSOLFIRE

= 3.8 + 500 + 0.1 + 6.0 = 510 grams

where:

ST = Source Term

STPOWEXP = Source term from powder in
containers affected by the explosion

STSOLEXP = Source term for solution affected
by the explosion

STPOWFIRE = Source term for powder affected
by the fire

STSOLFIRE = Source term for the solution
affected by the fire

The CMR SAR did not account for source term
contribution from suspension subsequent to the
explosion and fire.  The suspension source term
calculation would come from three sources (the
fourth possible source, the solution affected by
the explosion, has no suspension source term
contribution because it was 100 percent released
in the initial source term):  (1) MAR in
containers and enclosures affected by the
explosion, (2) MAR in powder form affected by

the fire, and (3) MAR in solution affected by th
fire.  The suspension source term equation
evaluated three times for these sources:

RSTPOWEXP = MAR x DR x ARR x 24 hrs x RF 
x LPF

RSTPOWEXP = 2,496 x 1 x (4 x 10-6/hr) x 24 hrs 
x 1 x 1

RSTPOWEXP = 0.24 grams

RSTPOWFIRE = MAR x DR x ARR x 24 hrs x 
RF x LPF

RSTPOWFIRE = 2,487 x 1 x (4 x 10-6/hr) x 24 hrs 
x 1 x 1

RSTPOWFIRE = 0.24 grams

RSTSOLFIRE = MAR x DR x ARR x 24 hrs x RF 
x LPF

RSTSOLFIRE = 2,994 x 1 x (4 x 10-8/hr) x 24 hrs 
x 1 x 1

RSTSOLFIRE = 0.003 grams

The total suspension source term  is the sum
the above contributors, or 0.48 grams.

Suspension source term parameters w
selected as follows:  (1) based on 
homogeneous bed of powder buried und
structural debris exposed to ambient conditio
or under static conditions within a structur
(DOE 1994d); (2) based on the sam
considerations as (1); and (3) based on
solution indoors, on heterogeneous surfac
covered with debris or under static condition
(DOE 1994d).

No variations are identified in the progression 
the accident or the MAR; thus, the calculate
source terms above are considered to repres
the accident for all alternatives. 
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Uncertainties and Sensitivities Affecting the 
Source Term for RAD–02

The source term for this postulated accident
scenario is dominated by the very conservative
SAR assumption of an ARF of 1.0 for the
solution affected by the explosion.  The
explosive yield of the explosion inside the wing
is not identified in the CMR SAR.  DOE
Handbook 3010-94 recommends that for
detonations in or immediately contiguous to a
pool of liquid, a bounding release is assessed to
be the mass of inert material equal to the
calculated TNT equivalent (DOE 1994d).
However, it is not evident that the explosion
necessarily occurs in or contiguous to the
solution in the case of the CMR event.  If the
explosion occurs at some distance from the
solution and merely spills the solution or
shatters the container holding the solution, the
source term would be reduced by at least two
orders of magnitude, resulting in a release of 5
grams or less, instead of 500 grams.

Because the source term for this accident is
completely driven by the assumption of a
100 percent release of the 500 grams of
plutonium-239 equivalent in the solution, it is
clear that any reduction in this term will directly
reduce the overall source term.  

Uncertainties in the source term calculation
include the extent that the entire wing may be
affected by the initial explosion (the SAR
assumes only half of wing is involved); the
fraction of material that is outside the
gloveboxes/enclosures; the fraction of material
in powder, solution, or less dispersible forms;
and the integrity of the building confinement
(e.g., glass block windows).  (Building integrity
affects the LPF.)  

Consequences of RAD–02 for Facility 
Workers and the Public

The consequences of RAD–02 for facility
workers and the public are discussed separately.
All workers in Wing 7 at the time of the accident

could be severely injured or killed as a result 
the dynamics of the explosion, the dynami
and combustion products of the fire, an
exposure to plutonium-239 oxide via inhalatio
Supply air for the remainder of the building i
unfiltered outside air (LANL 1995c).
Depending on the dynamics of the explosio
release and the direction of the wind at the tim
of release, it is possible that air contaminat
with material released from Wing 7 could b
drawn into the remainder of the CMR Buildin
and distributed to the workers in other areas
the building.  This would result in inhalation
exposures to those workers and contaminat
of other areas of the CMR Building.  Due to th
complications of evaluating the impact of th
explosion and the resulting emergency respon
activities, an estimation of the worker doses
not possible with any reliability.

No acute fatalities from radiation exposure 
the public are predicted to result from th
postulated accident.  The mean collectiv
population dose is projected to total 120,00
person-rem (TEDE), resulting in 57 exces
LCFs.  Mean projected doses for MEIs (an
their associated locations) and groun
contamination levels are presented 
Tables G.5.6.2–2 and G.5.6.2–3, respective
Table G.5.6.2–1 summarizes the modelin
results for RAD–02. 

Based on re-evaluation of the meteorologic
conditions and the frequency of catastroph
brakes, DOE estimates the frequency for th
accident now to be less than 10-6 (i.e., not
credible) (CMR BIO, Appendix J).

G.5.6.3 RAD–03, Power Excursion 
Accident with Fast Burst 
Assembly Outside Kiva #3  

General Scenario Description  

The Godiva-IV fast-burst reactor, housed 
Kiva #3 at Pajarito Site (TA–18–116), is used 
a variety of experiments.  This type of reactor
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TABLE  G.5.6.2–1.—Summary of Results for Scenario RAD–02

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 1.5 x 10-6 504 grams plutonium-239 explosion release (60-second), 6 grams 
plutonium-239 fire release (2-hour), 0.48 gram plutonium-239 
suspension release (24-hour); 120,000 person-rem collective 

exposure, resulting in 57 excess LCFs.

Expanded Operations 1.5 x 10-6 Same as No Action Alternative.

Reduced Operations 1.5 x 10-6 Same as No Action Alternative.

Greener 1.5 x 10-6 Same as No Action Alternative.

aNote:  Based on re-evaluation of the meteorological conditions and the frequency of catastrophic brakes, DOE 
estimates the frequency for this accident now to be <10-6 (i.e., not credible) (CMR BIO, Appendix J).

TABLE  G.5.6.2–2.—Predicted Mean Doses to MEIs for Scenario RAD–02

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access (SA):  Diamond Road (40 m)a 4.0 x 103

Nearest residence (CMR SAR):  Los Alamos Townsite (1,000 m) 1.7 x 102

Nearest special population distance:  Los Alamos Medical Center (1,100 m) 1.5 x 102

Other nearest residences (CMR SAR):  Royal Crest Trailer Park (1,200 m) 1.3 x 102

Special population distance:  San Ildefonso Pueblo  (4,500 m) 1.3 x 101

Special population distance:  San Ildefonso Pueblo (18,600 m) 8.4 x 10-1

a Approximated as 50 m.
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a research tool designed to provide a pulse (or
burst) of neutrons for experimental purposes.
Accident scenario RAD–03 involves a
reactivity excursion that vaporizes a portion of
the core and melts the remainder.

Godiva-IV has three 93 percent HEU control
rods.  One of the rods is used to adjust the burst
yield, one is used for achieving a critical state,
and the third is rapidly inserted in order to
initiate the pulse.  A fourth control element,
called the safety block, provides a large
reactivity shutdown for the assembly.   

The assembly is operated by inserting the safety
block and adjusting two of the control rods to
bring the assembly to a low power steady-state
condition called delayed critical.  Following the
achievement of delayed criticality, the control
rod used for yield adjustment is set to an
appropriate position for the desired pulse size.
The safety block is then partially withdrawn in
order to let delayed neutrons decay away for

about 15 minutes.  The safety block 
reinserted, and the pulse rod is rapidly inserte
The control system is designed with interlock
so that each step cannot be taken unles
precise sequence of events occu
(LANL 1996f).  

Three principal potential sources of error can 
identified in this process:  (1) a miscalculatio
of the desired control-element position and t
subsequent element insertion to the wro
position, (2) an incorrect position insertio
based on a correct adjustment calculation, a
(3) an error due to a faulty position indicator.  
the first two cases, two errors are necessary.
the first case, two operators  perform th
calculation independently, making it unlikel
that the same incorrect position could b
calculated.  (In addition, the  operators have
logbook available to consult for past contro
element settings to produce the required puls
In the second case, the senior operator  che
the final adjustment (LANL 1996f).

The effect of an operator error in the contro
element adjustment could be either a larger-
smaller-than-planned superprompt critic
pulse.  The magnitude of the pulse is depend
on the magnitude of the error.  A condition
probability factor is applied to recognize tha
only a small fraction of the wide range o
potential pulse sizes would actually lead 
reactor damage.

Another potential scenario for initiating a
over-sized pulse is based upon inadverte
movement of an experiment near the reac
during the pulse operations.  All equipme
installed in the immediate vicinity of Godiva-IV
is required to be structurally stable withou
support by guy wires, unattached props, or oth
means.  However, the possibility of moveme
cannot be completely eliminated because t
cause of movement is as varied as t
experiments themselves.  Because movable 
remotely controllable experiments are careful
controlled and executed to avoid suc
movement, the most likely cause of moveme

TABLE  G.5.6.2–3.—Predicted Mean Ground 
Contamination Levels for Scenario RAD–02

RADIAL 
DISTANCE

PLUTONIUM-239 
GROUND 

CONCENTRATION 
(BQ/m2)

0.0 to 1.0 km 1.3 x 106

1.0 to 2.0 km 2.5 x 105

2.0 to 3.0 km 1.0 x 105

3.0 to 4.0 km 5.7 x 104

4.0 to 8.0 km 2.1 x 104

8.0 to 12.0 km 7.6 x 103

12.0 to 20.0 km 3.0 x 103

20.0 to 30.0 km 1.4 x 103

30.0 to 40.0 km 7.4 x 102

40.0 to 60.0 km 4.0 x 102

60.0 to 80.0 km 2.2 x 102

BQ/m2 = Becquerel per square meter
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is a gravity fall of the experiment (LANL
1996f).  Experiment movement during the pre-
pulse waiting period is not apparent through
observable system parameters (LANL 1996f).

The inadvertent movement of an experiment
during the waiting period could change the
reactivity of the system, which establishes the
rate at which the chain reaction would occur.
Depending on the magnitude of the change in
the experimental setup, the additional reactivity
could produce a substantial increase in the
energy released during the pulse.  The additional
energy could be sufficient to vaporize material
in the reactor.  The amount of energy introduced
to the system is estimated at 40.3 megajoules,
which is large enough to cause fracturing,
melting, or boiling of the fissile material. The
vaporized material has an estimated energy of
10 percent of the total energy, or 4.0
megajoules.  Thus, the vaporized material has
the potential to damage the core and release an
abnormal amount of fission products to the kiva
building.

This accident scenario was analyzed in the
TA–18 SAR.  No accident sequence frequency
was estimated or calculated in the SAR, nor was
a frequency bin assignment made.  Rather, the
SAR stated that all of the accidents analyzed
were incredible, implying a frequency of less
than 10-6 per year.

The SAR source term was estimated based on
the assumption that 10 percent of the
66 kilograms of uranium metal is volatilized
into transportable aerosol.  The release of fission
products due to the pulse operation also was
taken into consideration (LANL 1996f).  The
release fractions for fission products are
specified as 100 percent for noble gases,
25 percent for halogens (e.g., iodine), and
1 percent for “semi-volatiles” (LANL 1996f).
(The SAR does not describe what happens to the
90 percent of the core that does not vaporize.
Analysis of a similar scenario involving the
SPR-III fast-burst reactor at SNL suggests that
the remainder of the core melts.  Whether this

assessment is fully applicable to Godiva-IV 
unclear; however, the analysis below errs on t
side of conservatism, and the source te
reflects the melting of the remainder of the fue

No Action Alternative Frequency Analysis 

This accident requires an unanticipate
reactivity insertion being introduced during th
time between the shutdown of the delaye
critical setup operation and the insertion of th
burst reactivity.  This could occur in one of tw
ways:  (1) by operator error or a malfunction 
the control systems in adding the burst reactiv
increment or (2) by addition of reactivity from
movement or reconfiguration of the experime
between shutdown of the delayed-critical set
operation and the insertion of the bur
reactivity (LANL 1996f).

Operator error or malfunction of the contro
systems leading to addition to the planned bu
increment can happen in three ways:  (1)
miscalculation of the desired control-eleme
position and the subsequent element insertion
the wrong position, (2) an incorrect positio
insertion based on a correct adjustme
calculation, and (3) an error due to a faul
position indicator.  

Miscalculation of Control-Element Position.
Miscalculation of the control element positio
requires two independent errors.  In additio
the errors have to be sufficiently severe to res
in an extreme power excursion.  The frequen
of this contributor to RAD–03 can be calculate
as follows:

FHEPCALC = FEXP x HMISCALC x HMISCALC x 
CEXTREME

where:

FHEPCALC = Frequency of the human error i
calculation contribution to RAD–03

FEXP = Annual number of Godiva-IV
experiments performed
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HMISCALC = Human error probability for
calculational error

CEXTREME = Conditional probability of a large
calculational error

The annual number of Godiva-IV runs for the
No Action Alternative is reported to be a
maximum of 80 (PC 1997).

The HEP for a miscalculation is generally in the
range of 10-4 to 10-2 (Mahn et al. 1995 and
Swain and Guttmann 1983).  A value in the
middle of that range is judged to be appropriate,
considering that the most likely cause of the
calculational error is entering an incorrect
datum into a calculator/computer.  

In addition, it should be noted that not all
calculational errors are of equal severity in
terms of their ability to result in scenario
RAD–03.  The conditional probability of such a
severe calculational error, especially
considering that the results can be checked with
the logbook of previous burst calculations, is
judged to be less than 0.01 (1 percent).
(Considering the conduct of experiments under
specially prepared test plans and experiment
plans, an even lower value could be
appropriate.)

The above equation can be solved as follows:

FHEPCALC = FEXP x HMISCALC x HMISCALC x 
CEXTREME

= 80 x 0.001 x 0.001 x 0.01

= 8 x 10-7 per year

Incorrect Position Insertion.  This contributor
to power excursions requires two human errors:
the incorrect positioning action, as well as the
failure of the crew chief to detect this incorrect
positioning.  In addition, the error must be
sufficiently extreme such that the large power
excursion for RAD–03 occurs.

The frequency of this contributor to RAD–0
can be calculated using the following equatio

FHEPPOS = FEXP x HPOS x HCHK x CEXTREME

where:

FHEPPOS = Frequency of the human error i
mispositioning the controller

FEXP = Annual number of Godiva-IV
experiments performed

HPOS = HEP for calculational error

HCHK1 = HEP, check of position by superviso

HCHK2 = HEP, check of position against log o
previous experiments

CEXTREME = Conditional probability of a large
calculational error

As indicated above, the annual number 
Godiva-IV runs for the No Action Alternative is
a maximum of 80.  The mean HEP for setting
rotary control to the wrong position is 0.001 p
demand (Swain and Guttmann 1983).  The HE
for the crew chief failing to detect the incorrec
position indication is 0.05 per demand, based
checking that involves active participation i
special measurements (Swain and Guttma
1983).  Finally, the position indication would b
checked against previous experimen
providing one last opportunity to correct th
error.  The likelihood that this check will fail to
correct the error is taken as 0.05 as well.  On
the position is incorrectly set and verified, the
is no additional opportunity to correct the error

The most likely incorrect position insertion is 
small deviation from normal.  Such a sma
deviation would not yield a large enoug
reactivity insertion to result in acciden
RAD–03.  Only a very large deviation would
produce this accident.  It is judged that th
conditional probability of the error being larg
enough to produce the accident scenario 
likely to be in the range of 0.01 per error (that 
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given an error is made, there is a 1 percent
chance that the error will be of a sufficiently
large magnitude to result in the accident).  

The above equation can be solved as follows:

FHEPPOS = FEXP x HPOS x HCHK1 x HCHK2 x 
CEXTREME

= 80 x 0.001 x 0.05 x 0.05 x 0.01

= 2 x 10-6 per year

Faulty Position Indication.  The frequency of
this contributor to RAD–03 can be calculated by
the following equation:

FIND = FEXP x FRATE x DEXP x HDETECT

where:

FIND = Annual frequency of faulty indicator
contributor to RAD–03

FEXP = Annual number of Godiva-IV
experiments performed

FRATE = Failure rate of the indicator per hour

DEXP = Duration of experiment in hours (time
in which indicator must function)

HDETECT = HEP for failure of operations staff
to detect the failed indicator

The annual number of Godiva-IV runs for the
No Action Alternative is a maximum of 80.  The
type of position indicator used for the Godiva-
IV machine is not specified in the SAR.  Typical
nuclear industry failure rates for indicator
devices are in the range of 2 x 10-7 to 2 x 10-6

per hour (INEL 1990); a value in the middle of
this range is assumed (7 x 10-7 per hour).  It is
assumed that the position indicator must read
accurately for 1 hour.  

The HEP for failure of the operations staff to
detect the failed indicator is estimated at 0.01
per demand (based on an analogy to detecting a

failed valve that has neither position indicatio
nor a rising stem to identify the failed state
(Swain and Guttmann1983).

The above equation can now be solved 
follows:

FIND = FEXP x FRATE x DEXP x HDETECT

FIND = 80 x (7 x 10-7) x 1 x 0.01

FIND = 6 x 10-7 per year

Sum Total Frequency for RAD–03

The sum total frequency of RAD–03 is obtaine
by adding the frequency of the thre
contributing events as follows:

FTOTAL = FHEPCALC + FHEPPOS + FIND

= (8 x 10-7) + (2 x 10-6) + (6 x 10-7)

= 3.4 x 10-6 per year

Expanded Operations Alternative 
Frequency Analysis

The total number of pulse operations at Godiv
IV and Skua will increase for the Expande
Operations Alternative to 120 to 150 per yea
We have assumed that the relative proportion
Godiva-IV versus Skua bursts will remai
constant, and accordingly, have increased 
frequency of RAD–03 by a factor of 1.25, t
4.3 x 10-6 per year.

Reduced Operations and Greener 
Alternatives Frequency Analysis

The frequency of Godiva-IV runs for the
Reduced Operations and Greener Alternative
the same as for the No Action Alternative
Thus, the frequency of accidents is the same 
the Reduced Operations and Green
Alternatives as it is for the No Action
Alternative.
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Uncertainties and Sensitivities Affecting the 
Frequency of RAD–03 

The frequency of RAD–03 is sensitive to the
assumptions made above regarding the
likelihood of various types of human errors and
equipment failures.

Source Term Calculations

The accident being considered here assumes
that the Godiva-IV assembly is being operated
outside the confines of Kiva #3, which is
occasionally done for direct radiation dose
measurements to remove the effects of reflected
and backscattered radiation (LANL 1996f).  The
SAR assumes that 10 percent of the core
(6.6 kilograms of highly enriched uranium
[HEU]) is vaporized, and also models the fission
product release as a result of core damage and
vaporization.  The release fractions assumed are
consistent with melting of the nonvaporized
portion of the core.

The general initial source term equation will be
used to evaluate the additional contribution to
the source term arising from melting of the
remaining 59.4 kilograms of the core
(66 kilograms less 6.6 kilograms vaporized).
The MAR is 66 kilograms.  The damage ratio is
0.9 (the fraction of the core not vaporized).  The
ARF and RF values are selected based on free-
fall of molten metal drops, with ARF = 0.01 and
RF = 1.0 (DOE 1994d).  The LPF is 1 because
the release occurs outdoors.  This results in an
additional airborne release of HEU of:

Initial Source Term = MAR x DR x ARF x RF 
x LPF

= 66,000 x 0.9 x 0.01 x 1 x 1

= 594 grams

The total initial source term for HEU is thus
6,600 grams + 594 grams, or a total of
7,194 grams.

The suspension source term was not calcula
in the TA–18 SAR.  Most of the HEU no
participating in the initial release would b
expected to “freeze” and not be available f
release.  However, this is not addressed in DO
Handbook 3010-94 (DOE 1994d)
Accordingly, a conservative suspension relea
will be calculated by assuming that the HEU n
initially released is deposited on the ground a
powder.

The suspension source term is calculated 
follows:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

= (66,000 - 7,194) x 1 x 0.00004 x 24 hrs x 1 x

= 56 grams

The release of fission products also occurs
this accident.  A screening analysis wa
conducted of the released fission produc
identified by the SAR.  For a release of th
nature, occurring during a short fission puls
the large majority of fission products have ve
short half-lives (on the order of 0.21 seconds
3.15 minutes), and decay primarily by beta a
gamma emission.  The SAR analysis assign
an average dose-rate conversion factor for 
immersion (cloudshine) of 4,000 millirem-cubi
meters per microcurie-year.  Based on the SA
radionuclide release quantities and the dose-r
conversion factor values, the domina
radionuclides were identified.  Decay of th
risk-dominant radionuclides to more stab
progeny was evaluated.  Comparison of t
decay product quantities and dose convers
factors with the highly enriched uranium sourc
term values indicated that the fission produc
provide a negligible contribution to the tota
dose from internal exposure pathway
Consequently, doses resulting from intern
exposure pathways for fission products were n
modeled.  Doses resulting from the extern
exposure pathway (air immersion) for fissio
products (4.68 x 105 curies) were estimated
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using the SAR determined average dose-rate
conversion factor of 4,000 millirem-cubic
meters per microcurie-year.  There are no
differences in source terms across the
alternatives.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–03

The major uncertainties in the source term
calculation are the 10 percent assumed
vaporization of HEU as a result of the power
excursion and the conservative modeling of
suspension based on HEU as a powder.

Consequences of RAD–03 for Facility 
Workers and the Public

The consequences for facility workers and the
public are discussed separately.  Operations
with Godiva-IV located outside Kiva #3 would
be conducted during off hours with road closure
controls in effect.  Staffing at TA–18 would be
expected to be less than during normal workday
operations.  The Kiva #3 control room is located
669 feet (204 meters) from the kiva
(LANL 1996f).  The walls of the control room
are such that 40 percent attenuation of gamma
doses from the outside is accomplished
(LANL 1996f).  In the event of an accident,
ventilation systems for the control building
(TA–18–30) would be secured.  Air exchange
with the outside would be a function of wind
loading and diffusion in and around wall and
ceiling penetrations (LANL 1996f).  However,
the ventilation system for the control building is
not protected by HEPA filters (LANL 1996f).

No acute fatalities are predicted to result from
the postulated accident.  The mean collective
population dose is projected to total 110 person-
rem (TEDE), resulting in 0.06 excess fatal
cancers.  Mean projected doses for MEIs (and
their associated locations) and ground
contamination levels are presented in
Tables G.5.6.3–2 and G.5.6.3–3, respectively.
Table G.5.6.3–1 summarizes the modeling
results for RAD–03.  

G.5.6.4 RAD–04, Inadvertent 
Detonation of Plutonium-
Containing Assembly at 
DARHT 

General Scenario Description 

The DARHT Facility is under construction a
R site in TA–15.  When completed, the facilit
will provide dual-axis radiographic images a
the highest penetration and resolution availab
for the study of materials and devices und
hydrodynamic conditions.  DARHT was th
subject of a DOE Environmental Impac
Statement (DOE 1995a) and subsequent Rec
of Decision.  The DARHT EIS included
analysis of potential accidents, includin
bounding accidents that were selected a
evaluated on a what-if basis (DOE 1995a) bas
on potential consequences, with little or n
consideration of the frequency of occurrenc
though the likelihood of occurrence would b
small; in related safety analyses these accide
have been evaluated to be not credib
(probability less than 10-6 per year) and they
have been similarly identified in this SWEIS
Scenario RAD–04 represents the inadverte
uncontained detonation of plutonium
containing assembly that was evaluated as 
bounding accident for all alternatives in th
DARHT EIS, and is included on a similar wha
if basis.  Scenario RAD–11 represents the oth
such plutonium accident evaluated in th
DARHT EIS on a what-if basis, the breach of
double-walled containment vessel. 

As explained in greater detail in the DARH
EIS, the accident scenario RAD–04 involves t
inadvertent detonation of high explosives an
subsequent dispersal of plutonium from 
plutonium-containing assembly intended for 
dynamic experiment to be radiographed 
DARHT (or its existing predecessor facility
located a short distance away, Pulsed Hig
Energy Radiation Machine Emitting X-Ray
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TABLE  G.5.6.3–1.—Summary Results for Scenario RAD–03

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 3.4 x 10-6 7,194 grams of HEU initially, along with 4.68 x 105 Ci fission 
products; three, 8-hour suspension releases of 18.7 grams each; all 

ground level releases; results in 110 person-rem  integrated 
population exposure and 0.06 excess LCFs.

Expanded Operations 4.3 x 10-6 Same as No Action Alternative.

Reduced Operations 3.4 x 10-6 Same as No Action Alternative.

Greener 3.4 x 10-6 Same as No Action Alternative.

TABLE  G.5.6.3–2.—Predicted Mean Doses to MEIs for Scenario RAD–03

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access:  Pajarito Road (30 m)a 1.5 x 102

Operations boundary (TA–18 SAR):  (200 m) 1.4 x 101

Site Boundary (TA–18 SAR):  San Ildefonso Pueblo boundary (1,000 m) 1.6 x 100

Special population distance:  Mortandad Cave (2,900 m) 4.6 x 10-1

Receptor distance (TA–18 SAR):  Population center (4,400 m) 2.7 x 10-1

Special population distance:  San Ildefonso Pueblo  (14,600 m) 5.0 x 10-2

a This MEI dose is provided even though for outdoor operations Pajarito Road would be closed to the public.  Distance 
approximated as 50 m.
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(PHERMEX); continued operation of
PHERMEX was considered under the No
Action Alternative in the DARHT EIS).
PHERMEX has performed, and when
completed DARHT will perform, radiography
of both hydrodynamic tests and dynamic
experiments (DOE 1995a). 

A hydrodynamic test is a dynamic, integrated
systems test of a mockup nuclear package, in
which simulant materials are used to replace the
fissile materials.  Dynamic experiments provide
information on the basic physics of materials or
characterize the physical changes or motions of
materials under the influence of high explosive
detonations.  Some dynamic experiments
contain plutonium in order to obtain needed
information and understanding associated with
nuclear weapons aging and continued assurance
of weapon safety and performance
(DOE 1995a).  As a matter of policy, these
experiments will always be conducted inside a
double-walled steel containment system
consisting of an inner confinement vessel and an

outer safety vessel to prevent plutonium relea
furthermore, the experiments will always b
arranged and conducted in such a manner th
nuclear explosion could not result (DO
1995a).  Though some hundreds of dynam
experiments may be conducted per year, onl
small number will contain plutonium (LANL
1996m).

For the RAD–04 scenario, in addition t
immediate worker deaths due to the hig
explosive blast, human health impacts to t
public are dominated by the explosiv
aerosolization and atmospheric dispersal 
plutonium and the subsequent public exposu
Impact analysis for this SWEIS is taken direct
from the DARHT EIS analysis, upon which
DOE has received comment from the publi
other agencies; and state, local, and trib
governments.  Up to tens of excess LCFs ba
on a 50-year committed dose could result fro
this hypothetical scenario, depending on t
population sector assumed to be exposed du
extant winds.  For the convenience of the pub
and the decision maker, some of th
information is also directly reproduced here an
referenced to the DARHT EIS.  The
methodology and all impacts associated w
this hypothetical, uncontained detonatio
scenario are principally contained in Chapter
and Appendixes H, I, and J of that EIS
additional information is contained in a
classified appendix.  

No Action Alternative Frequency Analysis 

As discussed above, this accident analysis w
presented in the DARHT EIS on a “what-if
basis.  What-if means that regardless of t
actual ability for an initiating event or acciden
progression to occur, the consequences of 
assumed event shall be considered.  For t
case, the event is an uncontained detonation 
plutonium-containing assembly at the DARH
facility.  

The accident was estimated to be incredible, b
several related safety studies were underw

TABLE  G.5.6.3–3.—Predicted Mean Ground 
Contamination Levels for Scenario RAD–03

RADIAL 
DISTANCE

HEU GROUND 
CONCENTRATION 

(BQ/m2)

0.0 to 1.0 km 1.5 x 104

1.0 to 2.0 km 1.5 x 103

2.0 to 3.0 km 5.7 x 102

3.0 to 4.0 km 3.0 x 102

4.0 to 8.0 km 1.0 x 102

8.0 to 12.0 km 3.8 x 101

12.0 to 20.0 km 1.6 x 101

20.0 to 30.0 km 7.1 x 100

30.0 to 40.0 km 3.2 x 100

40.0 to 60.0 km 1.5 x 100

60.0 to 80.0 km 8.1 x 10-1

BQ/m2 = Becquerel per square meter
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when the DARHT EIS was being completed.
These studies have since been completed.  The
studies also support the initial estimation that
the accident would be incredible (probability
less than 10-6 per year).  RAD–11 is the
mitigated accident where the container is
breached, and its probability is also  less than
10-6 per year.  These probabilities mean that, for
these accidents, neither is expected to occur.

Nevertheless, this scenario is presented along
with several other incredible accidents.  These
scenarios tend to demonstrate the importance
and effectiveness of controls and engineering
standards.  The what-if scenario generally
corresponds to the case where controls are
assumed to have failed, and an initiating event
that could cause such a consequence is assumed
to be possible.  When estimates are made about
the probability of an initiating event occurring
or the failure of multiple control barriers, then
the frequencies of an inadvertent detonation
become very small.  The expected outcome for
these experiments is a contained detonation,
with a very limited probability that an
inadvertent detonation will occur.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

Because the activities at DARHT do not charge
across alternatives, the frequency of this
scenario remains  less than 10-6 per year.

Source Term Calculations

Detonation of an experimental assembly results
in the aerosolization and potential atmospheric
dispersion of a portion of the materials
contained within the assembly.  As described in
the DARHT EIS (DOE 1995a), analysis of this
hypothetical accident is documented in a
classified appendix to that EIS.  While the
resulting impacts, as well as unclassified
calculations, assumption, and modeling
methods are contained in the unclassified
sections of the EIS, some details of such

experiments, including some associated w
the source terms for this accident scenario, 
classified.

Consequences of RAD–04 for Facility 
Workers and the Public

Impacts to workers, noninvolved workers
public populations, and MEIs were described 
the DARHT EIS.  For involved workers at an
around the firing site, the number of worke
(and observers) when explosives are presen
limited to 15; under an inadvertent detonatio
scenario, all of these individuals could be kille
(DOE 1995a).  

Predominant human health impacts 
noninvolved workers or the public would stem
from exposure to aerosolized and dispers
material.  Impacts to noninvolved workers 
distances of 2,500 and 1,300 feet (750 a
400 meters) were evaluated (DOE 1995a
Doses to noninvolved workers were estimat
to be 90 rem and 160 rem for a worker at 2,5
and 1,300 feet (750 and 400 meters
respectively; corresponding probability of a
excess LCF would be 0.06 and 0.0
respectively, for those individuals.  LANL
administratively controls access to explosiv
areas by noninvolved individuals and has a s
of established hazard radii for protection o
personnel from fragment injury from explosive
experiments, based on DOE principles.  It w
estimated that a  noninvolved worker wou
likely be no closer than 2,500 feet (750 meter
The public MEI located at State Road 4 wa
calculated to receive 76 rem, with a resultin
probability of an excess LCF of 0.04
(DOE 1995a).  The impacts to workers and t
public MEI were summarized in Table G–10 o
the DARHT EIS, which is reproduced here a
Table G.5.6.4–1 for the convenience of th
public.  This table also includes informatio
pertinent to the containment breach scena
RAD–11.
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The population exposure for the most populated
sector (which includes White Rock and Santa
Fe) was estimated to be between 9,000 and
24,000 person-rem for 50th and 95th percentile
meteorological conditions, respectively,
resulting in 5 to 12 excess LCFs (DOE 1995a).
While diffusion of material across an entire
directional sector was taken into account, it was
assumed that all of the community populations
were located at or near to the plume center line,
a conservative assumption that results in an
overestimate of exposures (DOE 1995a).  

Population dose and impacts to other
communities also were calculated using the
conservative assumption that the plume passed
directly over and through each hypothetically
affected community (though they are generally
in different directions).  Because of its closeness
to LANL, Los Alamos could be one of the most
affected communities if the plume passed its
way, calculated to receive up to 45,100 person-
rem resulting in up to 22 excess LCFs (for
95th percentile meteorology).  (This value could
be overestimated because the airborne plume
would be relatively narrow at this distance and
may miss much of the population.)  Other
communities, including Española and the Jemez
and Santa Clara Pueblos, could receive
sufficient population doses under the specific

exposure conditions assumed that some exc
LCFs could occur.  The impacts to publi
populations were summarized in tables G-
and G-12 of the DARHT EIS, which are
reproduced here as Tables G.5.6.4–2 a
G.5.6.4–3 for the convenience of the publi
(Table G.5.6.4–2 also includes informatio
pertinent to the containment breach scena
RAD–11.)  In addition, Figure 5–1 from the
DARHT EIS, which shows the most populate
sector and the distribution of minority
population, also is reproduced here (
Figure G.5.6.4–1).

The DARHT analysis (DOE 1995a) evaluate
all significant impacts from this accident
including dispersal and human health impac
from other materials in the dynamic experime
assembly; it evaluated impacts to the pub
MEI, to the population, noninvolved workers
and involved workers.  It used a conservati
95th percentile meteorology to variou
geographic population sectors, based on rec
historical wind data, in calculating impacts.  Fo
atmospheric dispersion and resulting do
consequences, the DARHT EIS employed t
GENII code, while other analyses in this SWEI
uses the MACCS 2 code; both codes a
established for such use.  The DARHT EIS al
considered some different approaches 

TABLE  G.5.6.4–1.—DARHT EIS Hypothetical Impacts to Workers and the Public from 
Postulated Accidents Involving Plutonium

AFFECTED CATEGORY

INADVERTENT DETONATION CONTAINMENT BREACH

DOSE
(REM)

MAXIMUM 
PROBABILITY 

OF EXCESS 
LCFS

DOSE
(REM)

MAXIMUM 
PROBABILITY 

OF EXCESS 
LCFS

Workers — ___a NA no impact no impact

Noninvolved Workers
   750 m
   400 m

90
160

0.04
0.06 

20
60 

0.009
0.02

Public MEI 76 0.04 14 0.007

a No radiological impact estimated; up to 15 fatalities could result from explosion blast effects.
b NA = Not applicable
G–170



Accident Analysis

G–171

TABLE  G.5.6.4–2.—DARHT EIS Hypothetical Impacts to the Most Populated Sector from 
Postulated Accidents Involving Plutonium

ATMOSPHERIC 
DISPERSION  

ASSUMPTION

INADVERTENT DETONATION CONTAINMENT BREACH

POPULATION 
DOSE

(PERSON-REM)

NUMBER OF 
EXCESS LCFS

POPULATION 
DOSE 

(PERSON-REM)

NUMBER OF 
EXCESS LCFS

50th percentile 9,000 5 210 0 (0.1)

95th percentile 24,000 12 560 0 (0.3)

Note:  The communities of Santa Fe and White Rock are included within the population of this sector.

TABLE  G.5.6.4–3.—DARHT EIS Hypothetical Impacts to Nearby Communities from a Postulated 
Inadvertent Detonation Accident Involving Plutonium

COMMUNITY

50TH PERCENTILE 
METEOROLOGY a

95TH PERCENTILE 
METEOROLOGY b

POPULATION 
DOSE

(PERSON-REM)

NUMBER OF 
EXCESS LCFS

POPULATION 
DOSE

(PERSON-REM)

NUMBER OF 
EXCESS LCFS

Cochiti Pueblo 300 0 800 0

Santa Clara Pueblo 1,000 0 2,900 1

San Ildefonso Pueblo 400 0 900 0

Jemez Pueblo 600 0 4,400 2

Española 4,400 2 12,100 6

Pojoaque Pueblo 50 0 100 0

Los Alamos 5,900 3 45,100 22

White Rock 500 0 2,400 1

Santa Fe 7,500 3 18,700 9

a 50th percentile of atmospheric dispersion conditions. 
b 95th percentile of atmospheric dispersion conditions. 
Note:  Values for communities in different compass directions are not additive (see Table G–6). 
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dispersion modeling, the results of which varied
by less than a factor of 10 uncertainty in
atmospheric dispersion model results that the
EIS acknowledged to be ordinarily assumed for
such models (DOE 1995a).  As does this
SWEIS, the DARHT EIS incorporated various
factors and approximations to assure impact
analyses are conservative, though not unduly so.
Therefore, differences in models and
methodology from the DARHT EIS do not
affect the evaluation of the alternatives in this
SWEIS. 

G.5.6.5 RAD–05, Aircraft Crash and 
Tritium Release at TSTA/
TSFF

General Scenario Description

The Tritium Science and Fabrication Facility
(TSFF, TA–21–209) and the Tritium Systems
Test Assembly (TSTA, TA–21–155) are two
DOE Hazard Category 2 nonreactor nuclear
facilities that handle tritium.  The buildings are
located in TA–21, 0.4 mile (0.6 kilometer) from
and parallel to the runway of Los Alamos
Airport.  The buildings are about 75 feet
(23 meters) apart with an intervening building
(TA–21–152) separating the two facilities.

The accident scenario for RAD–05 involves an
aircraft crash into TSFF and/or TSTA.  Initially,
it was thought that these two facilities could be
modeled as a single target.  However,
refinement of the modeling indicated that
tritium was actually likely to be present only in
a small fraction of the total floor area of these
two facilities.  Accordingly, and in conformance
with DOE Standard 3014-96 (DOE 1996c), the
targets were modeled separately.  Perforation/
explosion was not considered to be possible at
these facilities due to the lack of explosive
materials.  Accordingly, the scenario was
limited to perforation/fire considerations.
Further refinement of the crash scenarios is
possible to take into account shielding of the
two buildings with respect to one another,

which would reduce the crash frequencie
However, even conservatively assuming t
entire facility inventory is released in oxid
form, the dose consequences are somew
modest (24 person-rem integrated populati
exposure and 0.0093 excess LCFs) compa
with other accident scenarios evaluated in t
LANL SWEIS, and further refinement was
deemed to be unnecessary.

No Action Alternative Frequency Analysis 

The air space above LANL is restricted up 
14,000 feet (4,270 meters), designated 
Restricted Airspace R-5101 (LANL 1996c)
However, DOE Standard 3014-96 states th
once an in-flight mishap does occur, wit
eventual loss of control, there is nothing 
prevent a disabled aircraft from crashing in
any location, even within a restricted airspa
area (DOE 1996c).  The estimated frequency 
perforation/fire for TSTA and TSFF is
estimated at 3.8 x 10-6 and 5.3 x 10-6 per year,
respectively.  

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

Aircraft crash rates in the vicinity of LANL are
not significantly associated with the level o
activity at LANL.  Accordingly, the frequency
of aircraft crash does not vary by alternative.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–05

There is a large number of data required in ord
to perform the DOE Standard 3014-9
calculations.  In addition, the standard itse
requires the use of numerous equations that 
recognized to be approximations (DOE 1996c

Perhaps the most important uncertainty is t
assumption (embedded in the standard) tha
skidding aircraft will impact a facility with the
same velocity it had when it began the ski
This results in a conservative impact veloci
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because no credit is taken for drag, friction,
impact with objects between the impact point
and the facility, and so on.  Other conservatisms
include the assumption that the entire aircraft
engine is the penetrating missile of concern.
This is conservative because most of the fan
shroud would tear away when striking the
facility, leaving the engine shaft as the
secondary penetrator.

Source Term Calculations

It was conservatively assumed that the entire
inventory of the facility of interest (either TSTA
or TSFF) would be released in oxide form in the
event of an aircraft crash, due to fire.  The MAR
value for TSFF is 100 grams of tritium in
process and 100 grams of tritium in storage in
containers in vaults (Valentine and Pendergrass
1997).  The MAR for TSTA is 200 grams
(except for the Reduced Operations Alternative,
for which the MAR is 150 grams).  Only one
building is assumed to be destroyed in a crash
due to the presence of the intervening structure
(TA–21–152) between TSFF and TSTA.  It is
assumed that in all cases the inventory of the
building that is destroyed is 200 grams of
tritium, released in oxide form.  With the
exception of TSTA in the Reduced Operations
Alternative, the inventory of the destroyed
building will be 200 grams.  Because in the
Reduced Operations Alternative there is as good
a chance of hitting a 200 gram inventory
building as there is hitting a 150 gram inventory
building, modeling the release as 200 grams is
reasonable.  The standard DOE Handbook
3010-94 source term equation was employed in
the source term calculation.  The DR is 1
(building destruction due to explosion and fire).
The ARF and RF are 1 for tritium.  The LPF is
also 1 due to the breach of the building by the
aircraft penetration and explosion.  As a result,
the source term equation reduces to the MAR.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–05

It is assumed that there is 100 perce
conversion of tritium gas to tritium oxide.  Thi
is conservative but feasible. 

Consequences of RAD–05 for Facility 
Workers and the Public

Worker consequences and public consequen
are discussed separately.  A detailed work
consequence analysis was not performe
however, the following observations are ma
regarding the aircraft crash scenario:

• An aircraft crash that destroys the facility i
assumed to result in the death of all worke
in the building.

• Workers in adjacent facilities (such as the
noninvolved tritium building and the 
intervening structure) may be injured due t
flying debris from the explosion or aircraft 
crash, and could also be exposed to tritium
oxide.

No radiation-related acute fatalities ar
predicted to result from the accident.  The me
collective population dose is projected to tot
24 person-rem (TEDE), resulting in 0.01
excess LCFs.  Mean projected doses for ME
(and their associated locations) are presented
Table G.5.6.5–2.  The tritium oxide source ter
does not result in ground contaminatio
Table G.5.6.5–1 summarizes the modelin
results for RAD–05.  

G.5.6.6 RAD–06, Aircraft Crash and 
Plutonium Release from 
RAMROD

General Scenario Description

The Radioactive Materials Researc
Operations, and Demonstration (RAMROD
Facility is located at TA–50–37, the site of th
former treatment demonstration incineratio
facility.  Although the RAMROD Facility has
G–174
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TABLE  G.5.6.5–1.—Summary Results for Scenario RAD–05

ALTERNATIVE ACCIDENT FREQUENCY SOURCE TERM AND CONSEQUENCES

No Action 3.8 x 10-6 (TSTA)

5.3 x 10-6 (TSFF)

200 grams of tritium as oxide; integrated population 
exposure of 24 person-rem, 0.012 excess LCFs.

Expanded Operations 3.8 x 10-6 (TSTA)

5.3 x 10-6 (TSFF)

Same as No Action Alternative.

Reduced Operations 3.8 x 10-6 (TSTA)

5.3 x 10-6 (TSFF)

Same as No Action Alternative.a

Greener 3.8 x 10-6 (TSTA)

5.3 x 10-6 (TSFF)

Same as No Action Alternative.

aFor the Reduced Operations Alternative, the inventory at TSTA is reduced by 25 percent.  The bounding 
consequence of 24 person-rem from a 200 gram release at TSFF is assumed. 

TABLE  G.5.6.5–2.—Predicted Mean Doses to MEIs for Scenario RAD–05

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access:  Access road to facility (10 m) (see note)

Closest routine public access:  Route 502 (360 m) 1.2 x 10-2

Closest special population:  Los Alamos Airport (780 m) 2.0 x 10-2

Closest residence (TSFF SAR MEI location):  Los Alamos (970 m) 1.8 x 10-2

Special population distance:  San Ildefonso Pueblo boundary (2,300 m) 3.3 x 10-2

Special population distance:  San Ildefonso Pueblo (14,000 m) 1.2 x 10-2

Note:  For the given modeling conditions, the postulated elevated release would pass over this location before touching the 
ground.  However, in reality this location would probably be directly impacted by the aircraft crash, and an estimation of dose 
would be impractical and of limited usefulness.
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several uses, the most significant from the
standpoint of health and safety consequences in
the event of an accident is the visual
characterization of TRU waste.  SWEIS
accident scenario RAD–06 involves an aircraft
crash at RAMROD, resulting in a fire that
causes the release of plutonium from TRU
waste.  Most of the release results from the
combustible portion of the waste, which is
stored in DOT Type A 55-gallon drum
containers when it is not being visually
examined in glovebox lines in RAMROD. 

This accident is presented to provide
comparisons of the aircraft crash results across
LANL.  The accident would have screened out
based on the frequency of occurrence for such
events.

Source Term Calculations

The source term calculation assumed a fire
following the aircraft crash.  Two aircraft types
account for about 98.5 percent of the total
aircraft crash frequency at RAMROD:
multiple-engine piston aircraft and small
military  aircraft.  In order to evaluate the fire
potential of these aircraft, the bounding fuel
load (LLNL 1996) was based on a review of the
characteristics of the aircraft in these classes as
identified in the supporting documentation for
DOE Standard 3014-96.  The aircraft selected
for these classes are:  (1) the Cessna Titan line,
with a fuel load of 413 gallons (1,564 liters), for
the multiple-engine piston aircraft; and (2)  the
F-16C, with a fuel load of 1,801 gallons (6,819
liters) for the small military aircraft (LLNL
1996).

In order to quantify the burn area resulting from
a spill of aircraft fuel and its subsequent
combustion, guidance from the Rocky Flats
Risk Assessment Guide was followed that
provides an estimate of a 250 square-foot
(23 square-meter) burn area per 50 gallons of
fuel burned (RFETS 1994).  Burn areas were
calculated as follows for the three significant
classes of aircraft:

ABURN = (FLOAD/50) x 250 ft2

where:

ABURN = Burn area in square feet

FLOAD = Aircraft fuel load in gallons

The estimated burn area for each of t
significant aircraft types can now be calculate

Multiple-Engine Piston Aircraft:

ABURN = (FLOAD/50) x 250 ft2

ABURN = (413/50) x 250 ft2

ABURN = 2,065 ft2

Small Military Aircraft:

ABURN = (FLOAD/50) x 250 ft2

ABURN = (1,801/50) x 250 ft2

ABURN = 9,005 ft2

For RAMROD, the overall area of the facility
(first floor) is 15,690 square feet (1,458 squa
meters).  The burn areas identified abo
represent the following percentages of th
RAMROD building:

• Multiple-engine piston aircraft = 13.2 
percent

• Small military aircraft = 57.4 percent

The MAR for RAMROD consists of 479
containers.  These consist of 48 containe
containing 75 PE-Ci each (according to th
TA–54 SAR, 1 percent of LANL TRU waste
containers have an inventory of 75 PE-C
(LANL 1995i), and 431 containers containin
an average of 12 PE-Ci each (LANL 1996n
Thus, the total inventory is (48 x 75) +
(431 x 12) = 3,600 + 5,172 = 8,772 PE-C
Given the units used in the RAMROD SAR
releases to the environment will be expressed
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grams of pure plutonium-239, rather than in
grams of weapons-grade or heat-source
plutonium.  (The low-level mixed waste
inventory is not included because the
contribution to the PE-Ci inventory is trivial.)

The initial source term equation must be
quantified separately for each type of aircraft
contributing significantly to the crash frequency
due to the difference in the impacted area of the
facility.  Due to the random nature of aircraft
crashes, no specific directionality is associated
with the crashes.  The damage ratio will be
expressed as the product of the percentage of the
facility floor area burned in a fire (which will be
assumed to equate to the fraction of the
inventory affected by fire) and the fraction of
the TRU waste inventory that is typically
present in combustible form (0.35).  This
approach is equivalent to “smearing” the
inventory evenly across the floor area of the
building.  

It is recognized that some crashes could result in
a fire without affecting MAR; whereas, other
crashes could burn a quantity of waste that is in
excess of the fraction the floor area affected by
the burn.  However, the approach adopted above
is believed to yield a reasonable result that is
considered to be representative of the average
that would result from a large number of
crashes.

The ARF and RF values are selected from DOE
Handbook 3010-94 and are based on the
bounding values for packaged mixed
combustible waste.  The recommended ARF
and RF values are 0.0005 and 1.0 (DOE 1994d).
For the noncombustible waste, the ARF and RF
values are 0.006 and 0.01 (DOE 1994d).  Due to
the penetration of the building by the aircraft-
related missiles and/or due to external or
internal explosion of fuel, the LPF is taken to be
1.0.  

The general initial source term equation is
quantified below for the two aircraft types that

contribute to the crash frequency, as well as 
both combustible and noncombustible was
forms:

Multiple-Engine Piston Aircraft:

Initial Combustible Source Term = MAR x DR
x ARF x RF x LPF

= 8,772 x (0.132 x 0.35) x 0.0005 x 1 x 1

= 0.2 PE-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= 8,772 x (0.132 x 0.65) x 0.006 x 0.01 x 1

= 0.05 PE-Ci

Multiple-Engine Piston Initial Source Term 
Total = Initial Combustible + Initial 

Noncombustible

= 0.2 + 0.05

= 0.25 PE-Ci

Small Military Aircraft:

Initial Combustible Source Term =  MAR x DR
x ARF x RF x LPF 

= 8,772 x (0.574 x 0.35) x 0.0005 x 1 x 1

= 0.88 PE-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= 8,772 x (0.574 x 0.65) x 0.006 x 0.01 x 1

= 0.20 PE-Ci

Air Taxi Aircraft Initial Source Term Total =  
Initial Combustible + Initial Noncombustible

= 0.88 + 0.20

= 1.08 PE-Ci
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Following the initial source term release,
resuspension releases are possible due to
dispersal of material by the wind.  For an aircraft
crash, a 24-hour suspension release is
reasonable due to the significant damage
resulting from the aircraft crash and subsequent
explosion and fire. 

The general suspension source term equation is
used.  The DR is simply the fraction of the area
burned because the ARR/hr and RF values are
the same for both combustible and
noncombustible waste.  The ARF and RF values
are selected from DOE Handbook 3010-94 and
are based on the bounding values for packaged
mixed waste.  The recommended ARR and RF
values are 4 x 10-5 per hour and 1.0 (DOE
1994d).  Due to the penetration of the building
by the aircraft-related missiles and/or due to
external or internal explosion of fuel, the LPF is
taken to be 1.0.  It is assumed that temporary
confinement cannot be erected or otherwise
established for 24 hours to control suspension
releases.

The suspension source term equation also must
be quantified individually for each of the two
crash frequency contributors:

Multiple-Engine Piston Aircraft:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

=  8,772 x 0.132 x 0.00004 x 24 x 1 x 1 

= 1.1 PE-Ci

Small Military Aircraft:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

=  8,772 x 0.574 x 0.00004 x 24 x 1 x 1 

= 4.8 PE-Ci

In order to specify a single source term for the
RAMROD aircraft crash accident, the initial

source terms and suspension source terms
frequency-weighted according to the
contributions to the overall risk, as shown 
Tables G.5.6.6–1 and G.5.6.6–2. 

Based on these calculations, the source term
RAD–06 for the No Action Alternative is
represented with an initial source term of 0.6
PE-Ci released in 30 minutes, and a suspens
source term of 2.8 PE-Ci released over 24 hou

There are no differences in source term acro
the alternatives because the No Actio
Alternative source terms are based on t
RCRA-permitted capacity of the building.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–06

The source terms (initial and suspension) a
maximum values, based on the RCRA
permitted capacity of the building.  At any give
time, there may be less TRU waste in th
building than the permitted capacity.  Th
average amount of TRU waste in combustib
form may vary (an average value was used).

The suspension source term calculation exten
for 24 hours.  This may be very conservative 
that it is likely that fire fighting and hazardou
material (HAZMAT) response to the cras
scene would be accompanied by extensive u
of water and foam-based suppression syste
This application of suppressants would like
continue for some time to preclude flareup 
the fire once it is extinguished, as well as to lim
further spread of airborne plutonium
contamination.  Thus, the suspension sou
term may be very conservatively estimated f
this scenario.  

Consequences of RAD–06 for Facility 
Workers and the Public

Consequences for facility workers and th
public are reported separately.  An aircraft cra
into the facility that destroys part of the facilit
is assumed to result in the death of all worke
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in the part destroyed.  Workers elsewhere in the
structure may be injured or killed due to flying
debris or secondary effects from the fire (e.g.,
smoke inhalation).  Workers in the building who
are not directly affected by the crash and
explosion or fire may be exposed to radiation as
a result of plutonium inhalation.  If the building
collapses as a result of the impact of the aircraft,
additional injuries or fatalities could result.

No acute fatalities are predicted to result from
the postulated accident.  The mean collective
population dose is projected to total
approximately 7,900 person-rem (TEDE),
resulting in 4.2 excess LCFs.  No ground
contamination results or MEI doses are
presented because the accident is incredible.
Table G.5.6.6–3 summarizes the modeling
results for RAD–06. 

G.5.6.7 RAD–07, TRU Waste 
Container Storage Area Fire 
at WCRR Facility

General Scenario Description

The Waste Characterization, Reduction, a
Repackaging (WCRR) Facility performs 
variety of activities related to characterizatio
volume reduction, and repackaging, primari
for TRU waste.  In order to support thes
activities, an outdoor Container Storage Area
provided just to the south of the WCRR Facilit
main building.  Accident scenario RAD–07
involves a fire at the Container Storage Are
resulting in the release of plutonium from th
TRU waste (which is contained in DOT Type A
55-gallon drums).  The Container Storage Ar
has a RCRA Part B permitted capacity of 30,0
gallons of mixed waste, which is equivalent 
545, 55-gallon drums.  WCRR Facility also ha
a RCRA Part B permitted capacity o
1,500 gallons of mixed waste (equivalent to 2
55-gallon drums). 

TABLE  G.5.6.6–1.—Frequency Weighted Source Term Calculation for Initial Source Term

AIRCRAFT TYPE

PERCENTAGE 
CONTRIBUTION TO 
AIRCRAFT CRASH 

FREQUENCY

INITIAL SOURCE 
TERM

(PLUTONIUM-239
PE-Ci)

WEIGHTED INITIAL 
SOURCE TERM

(PLUTONIUM-239
PE-Ci)

Multiple-Engine Piston 52.3% 0.25 0.13

Small Military 46.2% 1.08 0.50

TOTAL 98.5% 0.63

TABLE  G.5.6.6–2.—Frequency Weighted Source Term Calculation for Suspension Source Ter

AIRCRAFT TYPE

PERCENTAGE 
CONTRIBUTION TO 
AIRCRAFT CRASH 

FREQUENCY

SUSPENSION SOURCE
TERM

(PLUTONIUM-239
PE-Ci)

WEIGHTED 
SUSPENSION

SOURCE TERM
(PLUTONIUM-239

PE-Ci)

Multiple-Engine Piston 52.3% 1.1 0.58

Small Military 46.2% 4.8 2.22

TOTAL 98.5% 2.80
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RAD–07 Release Mechanisms 

The postulated RAD–07 accident scenario
involves an airborne release of radioactive
material due to a fire that develops at the
outdoor container storage area.  Potential
accident initiators include:  (1) truck fires,
(2) forklift fires, (3) external fires (wild fires),
(4) lightning strikes, and (5) aircraft accidents.
Lightning may strike the Container Storage
Area or pose an indirect hazard by initiating a
wildfire.  The Container Storage Area does not
have lightning protection; however, a lightning
strike would, at most, pose a localized hazard
due to ignition of combustible waste.  It would
have a very limited opportunity to propagate
with waste contained in metal drums and the
low combustible loading of the storage array.
Wild fires, initiated by lightning strikes or
otherwise, do not pose a significant hazard
considering the developed nature of the area
(e.g., pavement), the low vegetation loading of
the immediate surrounding area, and the time
available to take mitigative actions.  A forklift
fire would be credible, but would be
significantly bounded by the MAR for a truck
fire accident.

Two truck fire scenarios could occur.  The first
is an accident involving a truck that causes a
fuel leak and subsequent fire involving the
Container Storage Area.  This is judged not to be
credible considering the low truck speeds
involved in the confined yard area and the

limited vehicle traffic, with the exception o
forklift activity.  The second involves a truck
parked near the Container Storage Area t
could experience a fuel system leak or fuel ta
leak due to causes unrelated to a vehi
accident.  Once a fuel leak occurs, ignition 
the spilled fuel would lead to a fire that, if it i
close enough to the Container Storage Area a
if it is not suppressed, would envelope multip
waste containers.  This scenario is retained 
analysis.

While not required by the RCRA Part B permi
waste drums are currently stored 
transportables for weather protection.  Th
analysis takes no credit for the separati
provided by the transportables because 
RCRA Part B permit does not require their us
This accident was not evaluated in the WCR
Facility SAR (LANL 1995e).

No Action Alternative Frequency Analysis  

The frequency (FFIRE) of a truck fuel leak and
subsequent fire accident can be estimated us
the following equation:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

where:

NSHIPMENTS = Number of shipments to or from
the Container Storage Area at TA–50–69 p
year

TABLE  G.5.6.6–3.—Summary Results for RAD–06

ALTERNATIVE ACCIDENT FREQUENCY SOURCE TERM AND CONSEQUENCES

No Action 6.5 x 10-8 Initial release of 0.63 PE-Ci, released in 30 minutes; 
Suspension source term of 2.8 PE-Ci, released over 24
hours; integrated population exposure of 7,900 person-

rem and 4.2 excess LCFs.

Expanded Operations 6.5 x 10-8 Same as No Action Alternative.

Reduced Operations 6.5 x 10-8 Same as No Action Alternative.

Greener 6.5 x 10-8 Same as No Action Alternative.
G–180



Accident Analysis

R

r.
d
er
ur
at
n
m
re

d
 and
rd
e
k
r
k

r
al

ts
is
ly
sit

he
r
k.

ift
at

t
.

,
l

ts
be
CLEAK = Conditional probability of fuel leak
per shipment

CPFIRE = Conditional probability of a fire given
a fuel leak

The frequency of a fuel system leak or fuel tank
leak and a resulting fire is assessed for the
Container Storage Area at TA–50–69 based on
methods and data described in section G.5.10,
RAD–01.  The per trip fuel leak rate is 1.3 x 10-3

per trip, with 24 shipments per year assumed for
the purposes of analysis (2 shipments per
month).  Thus, the above equation can be
quantified as follows:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

FFIRE = 24 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 1.5 x 10-4 per year

In order to assure that the frequency of a fire due
to forklift activity was dominated by the truck
fire scenario, the frequency of a forklift fire was
estimated.  The frequency of a forklift fire
(FFLFTFIRE) leading to a release of TRU
material at the Container Storage Area may be
analyzed using the following equation:

FFLFTFIRE =  NFMOVE x NHOUR x FFUEL x 
CPING

where:

NFMOVE = Number of forklift movements per 
year

NHOUR = Number of hours per forklift
movement adjacent to Container Storage Area

FFUEL  =  Frequency of a fuel tank rupture per
hour

CPING = Conditional probability of ignition
given a fuel tank rupture

Forklift movements at TA–50–69 occur on an
individual drum basis and on a palletized basis

at the time of receipt and shipment.  The WCR
Facility SAR (LANL 1995e) estimates 200
movements of palletized drums per yea
Individual drum movements are not evaluate
in the SAR.   However, based on four drums p
pallet, two palletized movements per set of fo
drums (for unloading and loading), and th
individual drum movements would occur whe
waste drums are brought to and returned fro
the WCRR Facility, it is estimated that there a
800 ([200/2] x 2 x 4) individual drum
movements per year. 

The frequency of a forklift fuel tank rupture an
a resulting fire is assessed based on methods
data contained in the TA–54, Area G Haza
Analysis (LANL 1995g), which references th
evaluation of ignition probabilities given a tan
rupture by the Reliability Analysis Cente
(RAC 1991).  The frequency of a fuel tan
rupture was assessed as 2.3 x 10-5 per hour in
the TA–54 hazard analysis (LANL 1995g).  Fo
a nondiesel fuel (propane), the condition
probability of ignition given a rupture is
assigned a value of 1 x 10-2.  It is conservatively
assumed that each forklift movement las
0.5 hour.  For individual drum movements, it 
assumed the forklift movement time is equal
divided at the Container Storage Area, in tran
to the facility, and at the facility.  For the
palletized movements, it is assumed that t
forklift time is equally spent immediately nea
the Container Storage Area and at the truc
Because of the small fuel capacity of the forkl
as compared with the truck, it is assumed th
any forklift incidents at the truck would no
involve the Container Storage Area
Additionally, it is noted that forklift activities
would be in the vicinity of the truck bed and
thus, would not involve the truck/tractor fue
tanks. 

Thus, the above equation for forklift movemen
near the Container Storage Area can 
quantified as follows:
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FFLFTFIRE =  NFMOVE x NHOUR x FFUEL x 
CPING

= [800 moves x (0.5/3 hr/move) + 200 moves x 
(0.5/2 hr/move)] x (2.3 x 10-5 /hr) x (1 x 10-2)

= 4.2 x 10-5 per year

The calculated frequency for a forklift fire
involving the Container Storage Area is less
than that for a truck fire.  Additionally, the MAR
for a postulated forklift fire would be much less
than that for a truck fire.  Consequently,  truck
fires dominate potential risks and forklift fire
contributions are not considered further.

Expanded Operations Alternative 
Frequency Analysis

The Expanded Operations Alternative waste
management practices and the low-level
radioactive mixed waste (LLMW) generation
rate will be comparable to the No Action
Alternative.  However, TRU waste volumes are
expected to double (5,100 versus 2,500 cubic
meters) from those in the No Action Alternative
(LANL 1997c).  On this basis, it is expected that
waste throughput at WCRR Facility and the
associated frequency of a potential truck fire at
the Container Storage Area will be greater than
in the No Action Alternative.   Historically,
WCRR Facility activities have primarily
involved TRU waste characterization and
volume reduction.  Consequently, it is assumed
that the change in throughput at WCRR Facility
will be directly proportional to the change in
TRU waste volume, resulting in 49 shipments
per year (24 x 5,100/2,500).

With a revised number of truck shipments for
the Expanded Operations Alternative, the
frequency (FFIRE) of a truck fuel leak and
subsequent fire accident can be estimated as:

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

FFIRE = 49 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 3.0 x 10-4  per year

Reduced Operations Alternative Frequency 
Analysis

For the Reduced Operations Alternative, was
management practices and the LLMW was
generation rate will be comparable to the N
Action Alternative.  However, TRU waste
volumes are expected to be almost 25 perc
less (1,900 versus 2,500 cubic meters) th
those for the No Action Alternative
(LANL 1997c).  On this basis, it is expected th
waste throughput at WCRR Facility and th
associated frequency of a potential truck fire 
the Container Storage Area will be less than
the No Action Alternative.   Historically,
WCRR Facility activities have primarily
involved TRU waste characterization an
volume reduction.  Consequently, it is assum
that the change in throughput at WCRR Facili
will be directly proportional to the change i
TRU waste volume, resulting in 18 shipmen
per year (24 x 1,900/2,500).

With a revised number of truck shipments fo
the Reduced Operations Alternative, th
frequency (FFIRE) of a truck fuel leak and
subsequent fire accident can be estimated as

FFIRE = NSHIPMENTS x CLEAK x CPFIRE

FFIRE = 18 x (1.3 x 10-3) x (4.7 x 10-3)

FFIRE = 1.1 x 10-4  per year

Greener Alternative Frequency Analysis 

For the Greener Alternative, waste managem
practices and waste generation rates for LLM
and TRU waste will be comparable to those f
the No Action Alternative.  On this basis, it i
expected that waste throughput at WCR
Facility and the associated frequency of 
potential truck fire at the Container Storag
Area will be the same as in the No Actio
Alternative.
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Uncertainties and Sensitivities Affecting the 
Frequency of RAD–07 

Insofar as the fire modeling is concerned, the
uncertainties affecting the frequency of
RAD–07 are identical to those affecting
CHEM–02.  The frequency results are also
sensitive to the assumed number of shipments
per year for the Container Storage Area. 

Source Term Calculations 

The initial source term equation is used for this
case.  The MAR for the postulated accident is
limited to the Container Storage Area waste
inventory immediately involved in the truck
fuel pool fire.  Propagation of the fire to the
entire inventory is not expected, as discussed in
section G.5.16.1.  The MAR is estimated for a
100-gallon (379-liter) fuel spill, yielding a burn
area of 500 square feet (46 square meters).  This
is based on a burn area relationship of
250 square feet for 50 gallons of fuel (23 square
meters for 189 liters of fuel) (RFETS 1994).
Assuming that half the burn area is off center
from the Container Storage Area and that half
the remaining area involves waste (allows for
aisle/access space), approximately 62 drums
(stacked two high) would be involved
(125 square feet x 2 drums/4 square feet).

Potential waste forms present include solidified
liquids (aggregate); surface contaminated,
packaged combustible solids; and surface
contaminated, noncombustible solids.  The
bounding ARF and RF products for these three
waste forms in a thermal stress environment
(fire) are 6 x 10-5, 5 x 10-4, and 6 x 10-5,
respectively (DOE 1994d).  Consequently, it
can be concluded that releases will be
dominated by combustible waste and the
analysis will be limited to this waste form.  It is
conservatively assumed that the combustible
waste fraction at the Container Storage Area is
the same as that for the TRU waste inventory at
Area G.  The Container Storage Area
combustible waste fraction is likely to be much
lower due to the facility’s primary mission of

size reduction of metal objects, such 
gloveboxes; however, combustible waste form
would be expected to be present due 
characterization activities.  Additionally, it is
conservatively assumed that 35 percent of t
radiological inventory is present in combustib
waste forms.  Thus, for the MAR (62 drums
the DR is set equal to the fraction o
combustible material (0.35).  The Contain
Storage Area is located outdoors; consequen
any postulated accident involving a release 
the environment would have an LPF of 1.0.

Proposed administrative limits for the
radionuclide content of each individual was
container are presented in Table 9-2 of t
WCRR Facility SAR (LANL 1995e) and are
based on DOE Standard 1027-92 (DOE 199
Hazard Category 3 threshold limits or a fissi
gram equivalent limit based on the WIPP WAC
Currently, the  average TRU radioactiv
material content per waste container 
8.9 PE-Ci (LANL 1995f).  Less than 1 percen
of all TRU waste containers in the existin
Area G inventory exceed 75 PE-Ci i
radioactive material content (LANL 1995f)
The predominant TRU waste generated 
LANL is weapons-grade plutonium (MT52)
The LANL fissile gram equivalent limit for this
material type is 25 PE-Ci per drum
(LANL 1995f).  Revision 5 of the WIPP WAC
limits the maximum plutonium-239 equivalen
activity for untreated, contact-handled TR
waste to be received by the facility to 80 PE-
per drum.  Considering that the postulate
accident scenario involves multiple drums (62
that the drums represent a small fraction of t
total TRU waste inventory managed at LANL
and their radioactive content could be skewed
the high end (depending on the waste genera
source); and the TRU limits described above;
is conservatively assumed that one dru
contains the WIPP WAC limit for untreated
waste of 80 PE-Ci and the other 61 drum
involved in the fire have an average TR
content of 25 PE-Ci.
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With the above information, the initial source
term equation can be quantified as follows:

Initial Source Term = MAR x DR x ARF x RF 
x LPF

= ([61 x 25 PE-Ci] + 80 PE-Ci) x 0.35 x 
(5 x 10-4) x 1 x 1

= 0.28 PE-Ci

The suspension source term calculation is
performed using the general equation.  The
suspension MAR equals the initial MAR, minus
the initial source term.  The suspension DR and
LPF have the same values (1.0) as in the initial
source term calculation.  The ARR and RF are
assigned values of 4 x 10-5 and 1.0, respectively,
based on bounding resuspension factors for a
homogeneous bed of powder exposed to
ambient conditions (DOE 1994d).  Thus, the
suspension source term can be quantified as:

Suspension Source Term = MAR x DR x ARR 
x 24 hrs x RF x LPF

= (1,550 - 0.28 PE-Ci) x 0.35 x (4 x 10-5) x 
24 hrs x 1 x 1

= 0.52 PE-Ci

The suspension source term is highly
conservative, considering that fire protection
actions (e.g., foam, water spray) and
contamination control measures would likely
limit airborne releases significantly.

No variation by alternative is projected because
waste management practices are expected to be
comparable (LANL 1997c), with the MAR and
postulated accident conditions the same.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–07

A significant  uncertainty for this postulated
accident is quantification of the MAR in terms
of the number of drums involved in the fire and
their associated radioactive material content.

Accepted methodologies and reasonab
conservative radiological estimates have be
made to provide an upper estimate of the sou
term.

Consequences of RAD–07 for Facility 
Workers and the Public

Typically, five facility workers are associate
with TA–50–69 operations and would be at ris
for exposure to airborne radioactive materia
The postulated accident would not result in 
immediate release, providing time for personn
to vacate the immediate area.  Personnel in 
facility may not have time to vacate before 
release occurs; however, CAM alarms and t
availability of personal protective equipmen
could serve to mitigate potential exposures.

No acute fatalities are predicted to result fro
the postulated accident.  The mean collecti
population dose is projected to total 1,30
person-rem (TEDE), resulting in 0.69 exce
LCFs.  Mean projected doses for MEIs (an
their associated locations) and groun
contamination levels are presented 
Tables G.5.6.7–2 and G.5.6.7–3, respective
Table G.5.6.7–1 summarizes the modelin
results for RAD–07. 

G.5.6.8 RAD–08, Aircraft Crash and 
Plutonium Release from 
TA–54 TWISP Storage 
Domes    

General Scenario Description   

Accident Scenario RAD–08 involves the cras
of an aircraft, accompanied by explosion and/
fire, at the TRU waste management area 
TA–54, Area G.  The largest target, whic
dominates the aircraft crash frequency resu
and also has a very large potential MAR
consists of the storage domes for th
Transuranic Waste Inspectable Storage Proj
(TWISP).
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TABLE  G.5.6.7–1.—Summary Results for Scenario RAD–07

ALTERNATIVE ACCIDENT FREQUENCY SOURCE TERM AND CONSEQUENCES

No Action 1.5 x 10-4 Initial release of 0.28 PE-Ci; Suspension release of 0.52 
PE-Ci; integrated population exposure of 1,300 person-

rem, 0.69 excess LCFs.

Expanded Operations 3.0 x 10-4 Same as No Action Alternative.

Reduced Operations 1.1 x 10-4 Same as No Action Alternative.

Greener 1.5 x 10-4 Same as No Action Alternative.

TABLE  G.5.6.7–2.—Predicted Mean Doses to MEIs for Scenario RAD–07

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access:  Pajarito Road (100 m) 7.4 x 101

Special population distance:  San Ildefonso Pueblo boundary (500 m) 3.5 x 100

Closest public residence:  Royal Crest Trailer Park (1,200 m) 7.4 x 10-1

Closest special population distance:  Ashley Pond (2,100 m) 2.6 x 10-1

Special population distance:  San Ildefonso Pueblo (13,600 m) 1.4 x 10-2

TABLE  G.5.6.7–3.—Predicted Mean Ground Contamination Levels 
for Scenario RAD–07

RADIAL DISTANCE
PLUTONIUM-239 GROUND 
CONCENTRATION (BQ/m 2)

0.0 to 1.0 km 1.7 x 104

1.0 to 2.0 km 1.7 x 103

2.0 to 3.0 km 6.7 x 102

3.0 to 4.0 km 3.8 x 102

4.0 to 8.0 km 1.8 x 102

8.0 to 12.0 km 9.3 x 101

12.0 to 20.0 km 5.5 x 101

20.0 to 30.0 km 2.9 x 101

30.0 to 40.0 km 1.6 x 100

40.0 to 60.0 km 9.3 x 100

60.0 to 80.0 km 4.9 x 100

BQ/m2 = Becquerel per square meter
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TRU waste is stored in aluminum arch-frame
supported, membrane-covered domes that rest
on asphalt pads.  Four domes are in use as
storage for TRU waste generated since the early
part of 1991, designated as TA–54–48,
TA–54–153, TA–54–224, and TA–54–283.
The storage capacity is 11,000 drums, and there
were 3,600 drums in storage as of the end of
1995.

Previously, from 1979 to 1991, TRU waste was
stored in retrievable arrays under several feet of
earth on three pads (Pads 1, 2, and 4).  This
retrievable TRU waste is being removed from
this configuration and temporarily placed into
storage dome structures.  The retrieved waste is
characterized, repackaged, and certified to
WIPP WAC.  (All of the retrievable TRU waste
is planned to be shipped to WIPP after 1998.)
Once the retrieved waste is characterized,
repackaged, and WIPP WAC-certified, it will
be stored in one of six dome structures,
designated as TA–54–229, TA–54–230,
TA–54–231, and TA–54–232 (plus two domes
yet to be constructed).  The four domes are
located adjacent to one another at the far eastern
extent of the TA–54 operating area; the other
two domes will be located at a distance from the
four TWISP domes so as to constitute a separate
target area, the contribution to risk of which will
be bounded by the four existing TWISP storage
domes. 

The characteristics of the TRU waste to be
retrieved from Pads 1, 2, and 4 are generally
known as detailed in Table G.5.6.8–1  (LANL
1996n).  There are a total of 16,641 drums:
5,487 drums of combustible waste containing an
average of 4.34 PE-Ci of plutonium-239 each,
and 11,154 drums of noncombustible waste
containing an average of 4.11 PE-Ci of
plutonium-239 each.  There are also 187
fiberglass-reinforced plastic-coated plywood
(FRP) crates: 33 FRP crates of combustible
waste containing an average of 12.5 PE-Ci of
plutonium-239 each, and 154 FRP crates of
noncombustible waste containing an average of
8.6 PE-Ci of plutonium-239 each.  The total

inventories of the three pads are:  7,812 PE-C
plutonium-239 for Pad 1; 24,052 PE-Ci o
plutonium-239 for Pad 2; and 39,502 PE-Ci 
plutonium-239 for Pad 4.  In total, the FR
crates represent 1,736 PE-Ci of plutonium-23
or about 2.4 percent of the total TRU was
inventory.   

TABLE  G.5.6.8–1.—Characterization of TRU 
Waste in Pads 1, 2, and 4 at TA–54 Area G

TRU PAD #1, USED FROM 5/29/79 TO 12/29/81

4,816 Drums

1,276 drums of combustible waste containing 2,240
PE-Ci of plutonium-239

3,540 drums of noncombustible waste containing 
4,400 PE-Ci of plutonium-239

88 FRP Crates

8 FRP crates of combustible waste containing 2.03
PE-Ci of plutonium-239

80 FRP crates of noncombustible waste containing
1,170 PE-Ci of plutonium-239

TRU PAD #2, USED FROM 12/8/81 TO 8/20/85

7,280 Drums

2,475 drums of combustible waste containing 6,890
PE-Ci of plutonium-239

4,805 drums of noncombustible waste containing 
17,100 PE-Ci of plutonium-239

48 FRP Crates

22 crates of combustible waste containing 1.47 PE-C
of plutonium-239

26 crates of noncombustible waste containing 60.3
PE-Ci of plutonium-239

TRU PAD #4, USED FROM 3/18/85 TO 1/3/91

4,545 Drums

1,736 drums of combustible waste containing 14,70
PE-Ci of plutonium-239

2,809 drums of noncombustible waste containing 
24,300 PE-Ci of plutonium-239

51 FRP Crates

3 FRP crates of combustible waste containing 410
PE-Ci of plutonium-239

48 FRP crates of noncombustible waste containing
91.9 PE-Ci of plutonium-239
G–186
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No detailed apportionment of the TRU waste
recovered from Pads 1, 2, and 4 among the four
domes (TA–54–229, TA–54–230, TA–54–231,
and TA–54–232) have been identified.  For the
purposes of this analysis, it is assumed that the
TWISP TRU inventory, in terms of PE-Ci, is
split evenly among the six domes.  Thus, each
dome is assumed to contain 4,041 PE-Ci of
Plutonium-239 as combustible TRU waste and
7,854 PE-Ci of noncombustible TRU waste.  

At the average content values identified above,
this would represent about 931 drums of
combustible TRU waste and 1,911 drums of
noncombustible TRU waste.  (This is a slight
over-estimate, but considered to be reasonable
considering possible repackaging.)

In the storage domes, TRU waste drums are
palletized (four drums to a pallet) and stored in
inspectable arrays.  The arrays consist of
palletized drums stacked three high, separated
by a minimum aisle space of 26 inches (66
centimeters).  FRP crates and standard waste
boxes (SWBs) are also stored in these
structures.  FRP crates and SWBs are stored in
rows and stacked one to three boxes high
(LANL 1995f).  LANL is in the process of
exchanging plywood pallets for metal pallets to
reduce fire hazards in the TRU waste domes.

Fire-fighting water for Area G is provided by a
10-inch main from a water distribution system
supplied by two water tanks near TA–54.  The
primary tank is a gravity feed with a 1.5 million
gallon domestic booster pump (booster
station 2).  The secondary tank is a pressure feed
with a 1.5 million gallon domestic booster pump
(booster station 1).  Water mains are designed to
provide 1,170 gallons per minute at the fire
hydrants with a residual pressure of 20 psi
(LANL 1996n).  Fire-fighting equipment can
arrive at TWISP operations in 8 to 12 minutes.
The initial response is two pumpers capable of
dispensing 1,250 gallons per minute with a 500-
gallon onboard storage capacity each, one light
rescue vehicle, and one staff vehicle.  An

additional pumper is available on the seco
alarm (LANL 1996n).

In addition to fire-fighting response, LANL
ESH-10 maintains a HAZMAT team at TA–64
The HAZMAT team would respond to an
accident such as an aircraft crash at TA–
Area G.

The TA–54 Area G SAR did not evaluat
aircraft crash accidents.  Aircraft crash at a TR
waste dome was identified in the TA–54 Area 
Hazard Analysis with a frequency assigned 
below 1 x 10-6 per year based on expe
judgment (LANL 1995g).

A separate LANL study evaluated aircraft cras
frequency at TA–54 by calculating the cras
frequency for the largest building at the sit
which is one of the TWISP fabric domes a
320 feet (98 meters) long, 246 feet (75 mete
wide, and 38 feet (12 meters) high.  The stu
calculated the aircraft crash at 1.02 x 10-8 per
year (LANL 1996c).

No Action Alternative Frequency Analysis 

The air space above LANL is restricted up 
14,000 feet, designated as Restricted Airspa
R-5101 (LANL 1996c).  However, DOE
Standard 3014-96 states that once an in-flig
mishap does occur, with eventual loss 
control, there is nothing to prevent a disable
aircraft from crashing into any location, eve
within a restricted airspace area (DOE 1996c

The TRU waste storage domes at TA–54 Area
were reviewed.  As a result of their location
TA–54–153 and TA–54–283 are essentially
single target (they are separated by less th
100 feet [31 meters]); TA–54–283 is 
temporary structure.

TA–54–224 represents another target (separa
from TA–54–283 and TA–54–153 by ove
100 feet (31 meters).  TA–54–48 is still anoth
stand-alone target, being more than 100 fe
(31 meters) from the TA–54–229 throug
G–187
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TA–54–232 group of domes.  TA–54–229
through TA–54–232 represent a single target as
they are adjacent to one another separated by
less than 50 feet (15 meters) between the domes.

The TWISP retrieval dome, as well as the two
temporary domes used to house TWISP waste
after retrieval but before repackaging
(TA–54–224 and TA–54–283), are all
temporary structures.  The only permanent
structures will be the two existing domes used to
store TRU waste from ongoing operations
(TA–54–48 and TA–54–153), as well as the
four TWISP storage domes (TA–54–229
through TA–54–232).  Because TA–54–283 is a
temporary structure, essentially there are two
single dome targets (TA–54–48 and
TA–54–153) and the four-dome target
(TA–54–229 through TA–54–232).  The single
dome targets will represent a small fraction of
the total effective aircraft target area for TA–54.
Accordingly, aircraft crash analytical efforts
were focused on the four-dome TWISP storage
dome target.

Based on the TWISP SAR, the four TWISP
domes were analyzed as one target with
dimensions of 414 feet (126 meters) long,
286 feet (87 meters) wide, and 38 feet
(12 meters)  high.  Skid distance is limited due
to the Finger Mesa location, but has been
established at 50 feet (15 meters) for
conservatism.  Based on physical inspection,
this is reasonable for all directions except north,
for which a longer skid distance can  be
justified.  Considering the configuration of the
mesa, a 50-foot (15 meter) skid distance is
judged to adequately represent the site.

The estimated perforation/fire frequency for the
TWISP domes is 4.3 x 10-6 per year.  The crash
frequency is dominated by single-engine piston
aircraft, multiple-engine piston aircraft, and
small military aircraft (the air taxi frequency
contribution is conservatively binned with small
military in this case), representing 98.2 percent
of the total perforation/fire frequency.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis 

Aircraft crash rates in the vicinity of LANL are
not significantly associated with the level o
activity at LANL.  Accordingly, the frequency
of aircraft crash does not vary by alternative.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–08

There is a large amount of data required 
perform the DOE Standard 3014-9
calculations.  In addition, the standard itse
requires the use of numerous equations that 
recognized to be approximations.  Perhaps 
most important uncertainty is the assumptio
(embedded in the standard) that a skiddi
aircraft will impact a facility with the same
velocity it had when it began the skid.  Th
results in a conservative impact velocit
because no credit is taken for drag, frictio
impact with objects between the impact poi
and the facility, and so on. 

Another conservatism for the TA–54 Area G
analysis is the assumption of a 38-fo
(12-meter) height for the target.  This is th
actual height of the membrane domes, but the
structures would not offer much resistance 
aircraft.  Aircraft could in principle strike the
dome itself and pass through without impactin
the TRU waste stored inside (at least this wou
be possible with aircraft approaching from th
east or west).  

As a sensitivity calculation, the height wa
lowered to 12 feet (4 meters), representing tw
drum heights.  The resulting frequency o
perforation/fire crashes was 2.8 x 10-6 per year.
The overall reduction in impact frequency fo
modeling the domes as 12 feet (4 meters) h
instead of 38 feet (12 meters) high is less tha
factor of two.  It is concluded that the impac
frequency results are not strongly sensitive 
this parameter.
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Source Term Calculations

Fires were evaluated for their source term
contribution.  Three aircraft types account for
about 98.2 percent of the total aircraft crash
frequency at the TWISP storage domes:  (1)
single-engine piston aircraft; (2) multiple-
engine piston aircraft; and (3) small military
aircraft.  In order to evaluate the fire and
explosion potential of these aircraft, the
characteristics of the aircraft in these classes as
identified in the supporting documentation for
DOE Standard 3014-96 were used to select the
bounding fuel load (LLNL 1996).  The aircraft
selected for these classes are:  (1) the Piper
Turbo line, with a fuel load of 128 gallons
(486 liters), for the single-engine piston aircraft;
(2) the Cessna Titan line, with a fuel load of
413 gallons (1,564 liters), for the multiple-
engine piston aircraft; and (3) the F-16C, with a
fuel load of 1,801 gallons (6,819 liters) for the
small military aircraft (LLNL 1996).  (The F-16
is typical of local military operations out of
Kirtland Air Force Base in Albuquerque, for
example.)

In order to quantify the burn area resulting from
a spill of aircraft fuel and its subsequent
combustion, guidance from the Rocky Flats
Risk Assessment Guide was followed that
provides an estimate of a 250 square-foot
(23 square-meter) burn area per 50 gallons
(189 liters) of fuel burned (RFETS 1994).  Burn
areas were calculated as follows for the three
significant classes of aircraft:

ABURN = (FLOAD/50) x 250 ft2

where:

ABURN = Burn area in square feet

FLOAD = Aircraft fuel load in gallons

The estimated burn area for each of the three
significant aircraft types can now be calculated:

Single-Engine Piston Aircraft:

ABURN = (FLOAD/50) x 250 ft2

ABURN = (128/50) x 250 ft2

ABURN = 640 ft2

Multiple-Engine Piston Aircraft:

ABURN = (FLOAD/50) x 250 ft2

ABURN = (413/50) x 250 ft2

ABURN = 2,065 ft2

Small Military Aircraft:

ABURN = (FLOAD/50) x 250 ft2

ABURN = (1801/50) x 250 ft2

ABURN = 9,005 ft2

The area of one of the TWISP storage domes
16,000 square feet (1,486 square meters).  T
burn areas identified above represent t
following percentages of a single storage dom

• Single-Engine Piston Aircraft = 4.0 percen
• Multiple-Engine Piston Aircraft = 12.9 

percent
• Small Military Aircraft = 56.3 percent

As discussed above, each of the four TWIS
storage domes is assumed to conta
4,041 PE-Ci of plutonium-239 as combustib
TRU waste and 7,854 PE-Ci of noncombustib
TRU waste.  The source term contribution w
be assumed to be “smeared” evenly across 
floor area of the dome (16,000 square fe
[1,486 square meters]); calculations will have 
be performed separately for combustible a
noncombustible fractions because the ARF a
RF values are very different.

The DOE Handbook 3010-94 initial source ter
equation is used, and must be quantifi
separately for each type of aircraft contributin
G–189
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significantly to the crash frequency due to the
difference in the impacted area of the facility; it
is also quantified separately for combustible and
noncombustible waste forms.  Due to the
random nature of aircraft crashes, no specific
directionality is associated with the crashes.
The damage ratio will be expressed as the
percentage of the facility floor area burned in a
fire (which will be assumed to equate to the
fraction of the inventory affected by fire).  

It is recognized that some crashes could result in
a fire without affecting MAR; whereas, other
crashes could burn a quantity of waste that is in
excess of the fraction the floor area affected by
the burn.  However, the approach adopted above
is believed to yield a reasonable result that is
considered to be representative of the average
that would result from a large number of
crashes.

The ARF and RF values are selected from DOE
Handbook 3010-94 and are based on the
bounding values for packaged mixed waste.
The recommended ARF and RF values for
combustible waste are 0.0005 and 1.0
(DOE 1994d).  The recommended ARF and RF
values for noncombustible waste are 0.006 and
0.01 (DOE 1994d).  The LPF is taken to be 1
because the TRU waste fabric domes do not
represent a confinement structure and because
the fabric membranes are assumed to be
penetrated by aircraft or aircraft missiles, or
breached due to extreme fire conditions.  

The general initial source term equation is
quantified below for the three aircraft types that
contribute to the crash frequency:

Single-Engine Piston Aircraft:

Initial Combustible Source Term = MAR x DR 
x ARF x RF x LPF

= 4,041 x 0.04 x 0.0005 x 1 x 1

= 0.08E-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= 7,854 x 0.04 x 0.006 x 0.01 x 1

= 0.02 PE-Ci

Total Initial Source Term = 0.08 + 0.02 = 0.10
PE-Ci

Multiple-Engine Piston Aircraft:

Initial Combustible Source Term = MAR x DR
x ARF x RF x LPF

= 4,041 x 0.129 x 0.0005 x 1 x 1

= 0.26 PE-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= 7,854 x 0.129 x 0.006 x 0.01 x 1

= 0.06 PE-Ci

Total Initial Source Term = 0.26 + 0.06 = 0.32
PE-Ci

Small Military Aircraft:

Initial Combustible Source Term = MAR x DR
x ARF x RF x LPF

= 4,041 x 0.563 x 0.0005 x 1 x 1

= 1.14 PE-Ci

Initial Noncombustible Source Term = MAR x
DR x ARF x RF x LPF

= 7,854 x 0.563 x 0.006 x 0.01 x 1

= 0.27 PE-Ci
G–190



Accident Analysis

e
al
 are
ir
in
Total Initial Source Term = 1.14 + 0.27 = 1.41 
PE-Ci

Following the initial source term release,
resuspension releases are possible due to
dispersal of material by the wind.  For an aircraft
crash, a 24-hour suspension release is
considered to be reasonable due to the
significant damage resulting from the aircraft
crash and subsequent explosion and fire.  The
general suspension source term equation is used
to calculate the suspension source term.  The
DR is defined in the same manner as with the
initial source term.  The ARF and RF values are
selected from DOE Handbook 3010-94 and are
based on the bounding values for packaged
mixed waste.  The recommended ARR and RF
values are 4 x 10-5 per hour and 1.0
(DOE 1994d).  Due to the penetration of the
building by the aircraft-related missiles and/or
due to external or internal explosion of fuel, the
LPF is taken to be 1.0.  This is assumed to be
applicable because it is considered unlikely that
a temporary structure would be erected as soon
as 24 hours to mitigate releases.

The suspension source term equation also must
be quantified individually for each of the three
crash frequency contributors (quantification is
based on the total PE-Ci content because the
ARR and RF values are the same regardless of
whether the source MAR is combustible or not):

Single-Engine Piston Aircraft:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

= 11,895 x 0.04 x 0.00004 x 24 x 1 x 1

= 0.46 PE-Ci

Multiple-Engine Piston Aircraft:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

= 11,895 x 0.129 x 0.00004 x 24 x 1 x 1

= 1.47 PE-Ci

Small Military Aircraft:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

= 11,895 x 0.563 x 0.00004 x 24 x 1 x 1

= 6.43 PE-Ci

In order to specify a single source term for th
TA–54 Area G aircraft crash accident, the initi
source terms and suspension source terms
frequency-weighted below according to the
contributions to the overall risk, as shown 
Tables G.5.6.8–2 and G.5.6.8–3.   

TABLE  G.5.6.8–2.—Frequency Weighted Source Term Calculation for Initial Source Term

AIRCRAFT TYPE

PERCENTAGE 
CONTRIBUTION TO 
AIRCRAFT CRASH 

FREQUENCY

INITIAL SOURCE 
TERM

(PLUTONIUM-239
PE-Ci)

WEIGHTED INITIAL 
SOURCE TERM

(PLUTONIUM-239
PE-Ci)

Single-Engine Piston 0.884 0.10 0.088

Multiple-Engine Piston 0.060 0.32 0.019

Small Military 0.037 1.41 0.052

TOTAL 0.981 0.16
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Based on these calculations the source term for
RAD–08 for the No Action Alternative will be
represented with an initial source term of
0.16 PE-Ci released in 30 minutes, and a
suspension source term of  0.74 PE-Ci released
over 24 hours.  There are no differences in
source term across the alternatives (because the
No Action Alternative source terms are based
on the average maximum quantity of TRU
waste in the four TWISP storage domes).  The
TWISP source term is identical across the
alternatives.  

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–08 

The source terms (initial and suspension) are the
average maximum values expected for the
TWISP storage domes once they are fully
loaded.  Of course, it is possible that an aircraft
crash would occur in a dome that is not fully
loaded (or even empty, depending on timing).
Clearly, the values calculated above are
bounding, assuming the average maximum
quantities are correct.

The number of TWISP storage domes occupied
with TRU waste will depend on the processing
rate during TWISP recovery and repackaging
and also on the WIPP shipment rate.  Neither of
these rates is known with precision, particularly
the latter.  Thus, a bounding calculation was
performed.

The suspension source term calculation exten
for 24 hours.  This may be very conservative 
that it is likely that fire fighting and HAZMAT
response to the crash scene would 
accompanied by extensive use of water a
foam-based suppression systems.  T
application of suppressants would likel
continue for some time to preclude flareup 
the fire once it is extinguished, as well as to lim
further spread of plutonium contamination.

Consequences of RAD–08 for Facility 
Workers and the Public

The consequences of RAD–08 for facilit
workers and the public are discussed separat
Typically, only a small number of facility
workers would be expected to be present at 
TWISP domes, and would be at risk for possib
exposure to airborne radioactive material 
well as exposure to the dynamics of the aircr
crash. An aircraft crash into the dome th
destroys part of the facility is assumed to res
in the death of all workers in the part that 
destroyed.  Workers elsewhere in the structu
may be injured or killed due to flying debris o
secondary effects from the fire (e.g., smo
inhalation).  Workers in the dome who are n
directly affected by the crash and explosion 
fire may be exposed to radiation as a result
plutonium inhalation.  If the dome collapses a
a result of the impact of the aircraft (which is t
be expected), additional injuries or fatalitie
could result.

TABLE  G.5.6.8–3.—Frequency Weighted Source Term Calculation for Suspension Source Ter

AIRCRAFT TYPE

PERCENTAGE 
CONTRIBUTION TO 
AIRCRAFT CRASH 

FREQUENCY

SUSPENSION SOURCE 
TERM

(PLUTONIUM-239
PE-Ci)

WEIGHTED SUSPENSION 
SOURCE TERM

(PLUTONIUM-239 PE-Ci)

Single-Engine Piston 0.884 0.46 0.41

Multiple-Engine Piston 0.060 1.47 0.09

Small Military 0.037 6.43 0.24

TOTAL 0.981 0.74
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No acute fatalities are predicted to result from
the postulated accident.  The mean collective
population dose is projected to total 400 person-
rem (TEDE), resulting in 0.2 excess LCFs.
Mean projected doses for MEIs (and their
associated locations) and ground contamination
levels are presented in Tables G.5.6.8–5 and
G.5.6.8–6, respectively.  Table G.5.6.8–4
summarizes the modeling results for RAD–08. 

G.5.6.9 RAD–09, Plutonium Release 
from TRU Waste Drum 
Failure or Puncture

General Scenario Description 

A contact-handled TRU waste drum failure/
puncture is postulated to occur during drum
handling operations (all subsequent discussions
refer to the waste as TRU waste).  Either a
complete or a partial drum spill may occur.  A
complete spill of drum contents is more likely to
occur during retrieval of TRU waste from
Pads 1, 2, and 4 at TA–54, Area G (considering
the potential for degraded drums and the
number of drums to be retrieved, 16,641).  A
partial spill of drum contents would result from
drum puncture accidents or from the majority of
drop related accidents.  This scenario assumes a
complete spill occurs to represent failure of a
degraded drum and to conservatively bound an
individual or multiple drum puncture accident.
A large majority of drum handling operations
occur outdoors or within structures that do not
have HEPA filtration.  Consequently, the
accident scenario postulates that the incident
occurs outdoors.   The drum failure/puncture
scenario could occur at multiple facilities at
TA–3, TA–16, TA–50, TA–54, or TA–55.  The
accident is postulated to occur at TA–54,
Area G because the large majority of TRU
waste drum handlings occur there.   

Drum handling operations are primarily
conducted with forklifts/lift trucks.  Exceptions
include the use of drum dollies for movements
within facilities or dock areas, drum lift fixtures

for glovebox entry/egress, manual metho
(such as individual drum retrieval activities a
Pads 1, 2, and 4), and crane/hoist activities (su
as WCRR Facility enclosure movements 
RANT transportation bay loading activities)
Drum handling may be conducted on a
individual drum basis, on a palletized bas
(four drums banded together), or on a 7-pa
basis (seven drums banded together by me
banding or plastic stretch wrap for shipment 
WIPP in a TRUPACT-II container).  Drum drop
tests at Hanford (WHC 1995) hav
demonstrated that dropping a pallet of fo
banded drums results in damage to a sin
drum.  Consequently, the MAR (one drum) fo
this postulated accident scenario would 
representative of an accident involving th
handling of multiple drums.

Because waste management activities invo
the movement of a large number of TRU was
containers, with the large majority having a lo
radioactive material content, risks associat
with a drum failure/puncture will be evaluate
for both an average and a high radioacti
content drum.      

Note that this accident scenario does not inclu
TRU waste drum handling operation
associated with possible retrieval of buried TR
waste located on Pads 9 and 29 and in Trenc
A, B, C, and D.  Possible retrieval of this was
was mentioned briefly as being conducte
during the 10-year period covered by th
SWEIS in the draft November 1996 Was
Management Strategies document issued 
LANL (LANL 1996o), but insufficient specific
information was available upon which to base
quantification of possible impacts.

A similar accident scenario is analyzed in th
Safety Analysis Report for TA–54, Area G
(LANL 1995f), with the exception that it
assumes that intact drums are involved in t
accident.  The postulated accident scena
evaluated for the SWEIS is intended to cov
potential accidents involving retrieval o
degraded drums from earthen-covered stora
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TABLE  G.5.6.8–4.—Summary of Results for Scenario RAD–08

ALTERNATIVE ACCIDENT FREQUENCY SOURCE TERM AND CONSEQUENCES

No Action 4.3 x 10-6 Initial source term of 0.16 PE-Ci released in 30 minutes; 
suspension source term of 0.74 PE-Ci, released over 24 

hours; integrated population exposure of  400 person-rem, 
0.2 excess LCFs.

Expanded Operations 4.3 x 10-6 Same as No Action Alternative.

Reduced Operations 4.3 x 10-6 Same as No Action Alternative.

Greener 4.3 x 10-6 Same as No Action Alternative.

TABLE  G.5.6.8–5.—Predicted Mean Doses to MEIs for Scenario RAD–08

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest public access from TA–54–229:  Pajarito Road (210 m)a 2.2 x 101

Closest site boundary from Pads 1, 2 and 3 White Rock (245 m) (see note) (TWISP SAR; 
TA–54 Area G SAR)

2.2 x 101

Special population distance from TA–54–229:  San Ildefonso boundary (500 m) 7.2 x 100

Closest White Rock residence from TA–54–229 (1,500 m) 1.1 x 100

Closest population center from Pads 1, 2 and 3: White Rock (1,680 m) (TWISP SAR; TA–54 
Area G SAR)

9.6 x 10-1

Special population distance from TA–54–229:  Piñon Elementary School/Park (2100 m) 6.6 x 10-1

Special population distance from TA–54–229:  San Ildefonso Pueblo (14,300 m) 2.5 x 10-2

a Estimated using radial distance of 230 m.
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at Pads 1, 2, and 4.  The SAR accident scenario
results from forklift handling of a waste
container.  The accident frequency in the SAR is
based on 5,000 waste container handling events
per year at Area G, a waste handling accident
frequency of 1 x 10-5 per container handling
event, and a conditional probability of 1 x 10-2

of involving a maximum drum (1,000 PE-Ci).
(The WIPP WAC previously allowed up to
1,000 PE-Ci per waste container.)  

Selected parameter values that were used for
this source term analysis were:  (1) MAR—
bounding value of 1,000 PE-Ci (previous WIPP
WAC limit); (2) damage ratio—0.1, based on
engineering judgement and cited drum drop test
results for DOT Type A containers; (3) airborne
release fraction—0.0001, bounding value for
solid contaminated material from an early draft
of  DOE Handbook 3010-94; (4) respirable
fraction—0.05, based on a draft of  DOE
Handbook 3010-94; and (5) leakpath
factor—1.0 (bounding).

The Final Safety Analysis Report (FSAR) fo
the Retrieval for Transuranic Waste from
Pads 1, 2, and 4 at TA–54, Area G evaluate
degraded TRU waste container failure durin
retrieval (LANL 1996n) in support of the
TWISP.  While all waste containers ar
examined for signs of degradation and a
stabilized as necessary before retrieval, it 
assumed that the bottom of a degraded wa
drum could fail.  The FSAR retrieval acciden
scenario frequency  is based on 20,000 wa
handling events per year, a waste handli
accident frequency of 1 x 10-5 per container
handling event, and a conditional probability o
1 x 10-2  of involving a drum with greater than
100 PE-Ci.  For this analysis the source ter
was based on: (1) the current maximum TR
waste container of 658 PE-Ci (LANL 1996n)
(2) a damage ratio of 0.5, based on engineer
judgement for a degraded drum and cited dru
drop tests; (3) an airborne release fraction 
0.001; (4) a respirable fraction of 0.1; and (5)
leakpath factor of 1.0.

The SAR for the WCRR Facility analyzes 
postulated waste drum puncture accident in 
outdoor staging area (LANL 1995e).  It i
assumed that a forklift tine punctures a was
drum being loaded on or off the bed of a truc
Because a drum grapple will be used to han
drums at all times when the drums are n
palletized, the SAR concludes a scenario of t
type is not credible for other drum handlin
operations.  The SAR puncture accide
scenario frequency is based on 200 moveme
of palletized drums per year and  a was
handling accident frequency of 1 x 10-5 per
container handling event.  The source term w
based on:  (1) the proposed WCRR Facili
limits for plutonium mixes or individual
radionuclides (DOE Standard 1027-92 Haza
Category 3 threshold limits, WIPP WAC fissil
gram equivalent limit of 325 grams), (2) 
damage ratio of 0.05 (puncture of 
nondegraded drum), (3) an airborne relea
fraction of 0.001, (4) a respirable fraction o
0.05, and (5) a leakpath factor of 1.0.

TABLE  G.5.6.8–6.—Predicted Mean Ground 
Contamination Levels for Scenario RAD–08

RADIAL DISTANCE

PLUTONIUM-239  
GROUND 

CONCENTRATION 
(BQ/m2)

0.0 to 1.0 km 3.9 x 104

1.0 to 2.0 km 5.1 x 103

2.0 to 3.0 km 2.1 x 103

3.0 to 4.0 km 1.2 x 103

4.0 to 8.0 km 4.8 x 102

8.0 to 12.0 km 1.9 x 102

12.0 to 20.0 km 6.6 x 101

20.0 to 30.0 km 2.8 x 101

30.0 to 40.0 km 1.5 x 101

40.0 to 60.0 km 7.2 x 100

60.0 to 80.0 km 3.5 x 100

BQ/m2 = Becquerel per square meter
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The SAR for the Radioactive Materials
Research, Operations, and Demonstration
Facility evaluates a postulated accident
involving a forklift dropping a single TRU
waste container (outside) from greater than four
feet (which is the qualification limit for DOT
Type A containers) (LANL 1996i).  The SAR
drum drop accident scenario frequency is based
on 5,000 waste movements per year,  a waste
handling accident frequency of 1 x 10-5 per
movement, and a conditional probability of
1 x 10-1 of involving a maximally loaded drum
(1,000 PE-Ci).  The source term was based on:
(1) the previous WIPP WAC container limit of
1,000 PE-Ci, (2) a damage ratio of 0.1 (drop of
a nondegraded drum), (3) an airborne release
fraction of 0.001, (4) a respirable fraction of
0.05, and (5) a leakpath factor of 1.0.

The SA for the NDA/NDE Facility analyzes a
design basis accident involving the puncture of
a TRU waste drum by a forklift tine
(LANL 1996j).  A supplemental analysis is
presented in the SA appendix for a smaller
breach due to a drum grappler accident.  The
postulated accident frequency is based on a
throughput of 5,000 drums per year (interim
operation limit) and a forklift tine or grappler
puncture conditional frequency of 1 x 10-5 or
1 x 10-6 per movement, respectively.  The
source term was based on the maximum
radionuclide inventory for a drum (200 grams of
plutonium-239, or 40 grams of plutonium-238,
or 19 grams of americium-241).

No Action Alternative Frequency Analysis

Legacy waste (current dome storage) requiring
characterization is estimated to involve six
forklift handling operations:  (1) loading onto a
truck for transfer to an on-site location for assay
verification, (2) unloading of the transfer truck
for assay verification, (3) waste drum loading
onto a transfer truck for movement to interim
storage (Area G),  (4) unloading of the transfer
truck for interim storage, (5) waste drum
movement to a staging area for shipment to

WIPP, and (6) waste drum movement fo
loading a TRUPACT-II for shipment to WIPP.

Legacy waste (earthen-covered storag
requiring characterization/treatment i
estimated to involve seven forklift handlin
operations:  (1) retrieval of drum to laydow
area, (2) drum movement for gas ventin
(3) loading onto a truck for transfer to an on-si
treatment location (such as the drum preparat
facility), (4) unloading of the transfer truck fo
waste treatment, (5) waste drum movement 
final NDA/NDE, (6) waste drum loading and
unloading for interim storage  (dome), an
(7) waste drum loading and unloading of 
transfer truck and subsequent movement 
loading a TRUPACT-II for shipment to WIPP.

Legacy waste (earthen-covered storag
requiring overpacking/repackaging is estimat
to require the same number of forklift handlin
operations as legacy waste that requir
characterization.

The pre-decisional draft of the SWEIS
Alternatives Document, Waste Manageme
Key Facility (LANL 1997c), indicates that the
newly generated waste volume for the N
Action Alternative over the ten-year SWEIS
time frame will total an estimated 6.61 x 105

gallons (2,500 cubic meters).  This is equivale
to 12,018, 55-gallon drums.  The entire lega
waste (dome and earthen covered) volume
approximately 2.38 x 106 gallons (9,000 cubic
meters) is assumed shipped to WIPP during 
SWEIS period.  The legacy waste volume 
equivalent to 43,273, 55-gallon drums, of whic
21,136, 55-gallon drums (4,400 cubic meter
are in earthen covered storage (LANL 1997c)

It is estimated that there will be approximate
8,413 (12,018 x 7/10) waste drum handlings p
year for newly generated TRU waste.  Similarl
for dome legacy waste, it is estimated that the
will be approximately 11,069 ([43,273 - 21,136
x 5/10) waste drum handlings per yea
Earthen-covered legacy waste movements 
estimated to total  21,137 (21,137 x 10/10) p
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year.  Thus, the No Action Alternative is
estimated to total 40,619 TRU waste handling
(forklift) events per year.  This is consistent with
the 30,000-plus waste handling events
identified in the cited LANL safety
documentation.

Based on DOE system operating experience, the
waste handling accident frequency is estimated
as 1 x 10-5 per container handling event.  This
conditional accident frequency is cited in
multiple LANL safety documents, including the
TA–54 TWISP FSAR (LANL 1996n), the
TA–54 Area G SAR (LANL 1995f), and the
WCRR Facility FSAR (LANL 1995e).
Additionally, the TA–54 Area G SAR indicates
that less than 1 percent of all TRU waste
containers in the existing Area G inventory
exceed 75 PE-Ci in radioactive material content
(LANL 1995f).  Thus, it can be concluded that
the conditional probability of a handling
accident involving a high radioactive content
drum is less than 1 percent.  With the foregoing
information, the frequency of a drum failure/
puncture due to a forklift accident can be
calculated as:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

where:

NFEVENTS = Number of forklift handling events
per year

CPFACC = Conditional probability of a forklift
accident resulting in a container failure

CPHI/AVG = Conditional probability of accident
involving an average or high radioactive content
container

Substituting the above values, the annual
frequency for a drum failure/puncture at LANL
is:

High Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 40,619 x (1 x 10-5) x 0.01

FFAILURE = 0.0041 per year

Average Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 40,619 x (1 x 10-5) x 0.99

FFAILURE = 0.4 per year

Expanded Operations Alternative 
Frequency Analysis 

The pre-decisional draft of the SWEIS
Alternatives Document, Waste Manageme
Key Facility (LANL 1997c), indicates that
Expanded Operations Alternative was
management practices and the mixed LL
waste generation rate will be comparable to t
No Action Alternative.  However, newly
generated TRU waste volumes are expected
double to 1.35 x 106 gallons (5,100 cubic
meters) from those in the No Action Alternative
This is equivalent to 24,545, 55-gallon drums

It is estimated that there will be approximate
17,182 (24,545 x 7/10) waste drum handlin
per year for newly generated TRU waste.  TR
waste drum handlings for legacy TRU was
will be the same as the No Action Alternativ
because waste management practices will be
same for both alternatives.  Thus, the Expand
Operations Alternative is projected to tota
49,388 (17,182 + 11,069 + 21,137) TRU was
handling (forklift) events per year.

With a revised number of TRU waste handlin
events for the Expanded Operations Alternativ
the frequency (FFAILURE) of a postulated drum
failure/puncture can be estimated as:

High Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 49,388 x (1 x 10-5) x 0.01
G–197



LANL SWEIS

nt

nt
ed

o
s
ng
ial
o

of
e,
ts
e
d
P
g

re
he
d
en
ts

e
is

Ci
C

FFAILURE = 0.0049 per year

Average Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 49,388 x (1 x 10-5) x 0.99

FFAILURE = 0.49 per year

Reduced Operations Alternative Frequency 
Analysis

The pre-decisional draft of the SWEIS
Alternatives Document, Waste Management
Key Facility (LANL 1997c), indicates that
Reduced Operations Alternative waste
management practices and the mixed LLW
waste generation rate will be comparable to the
No Action Alternative.  However, TRU waste
volumes are expected to total 5.02 x 105 gallons
(1,900 cubic meters), almost 25 percent less
than those for the No Action Alternative.  This
is equivalent to 9,127, 55-gallon drums.

It is estimated that there will be approximately
6,389 (9,127 x 7/10) waste drum handlings per
year for newly generated TRU waste.  TRU
waste drum handlings for legacy TRU waste
will be the same as the No Action Alternative
because waste management practices will be the
same for both alternatives.  Thus, the Reduced
Operations Alternative is projected to total
38,595 (6,389 + 11,069 + 21,137) TRU waste
handling (forklift) events per year.

With a revised number of TRU waste handling
events for the Expanded Operations Alternative,
the frequency (FFAILURE) of a postulated drum
failure/puncture can be estimated as:

High Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 38,595 x (1 x 10-5) x 0.01

FFAILURE = 0.0039 per year

Average Radioactive Content Container:

FFAILURE = NFEVENTS x CPFACC x CPHI/AVG

FFAILURE = 38,595 x (1 x 10-5) x 0.99

FFAILURE = 0.38 per year

Greener Alternative Frequency Analysis

The pre-decisional draft of the SWEIS
Alternatives Document, Waste Manageme
Key Facility (LANL 1997c), indicates that the
Greener Alternative waste manageme
practices and waste generation rates for mix
LLW and TRU waste will be comparable t
those for the No Action Alternative.  On thi
basis, it is expected that TRU waste handli
and the associated frequency of a potent
container failure will be the same as in the N
Action Alternative.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–09  

Uncertainties include broad characterization 
drum handling events by waste category typ
the extent that particular drum movemen
involve multiple drums (thus reducing th
number of drum handlings), and the likelihoo
that all legacy TRU waste is shipped to WIP
(and the associated handlings at LANL) durin
the LANL SWEIS time frame.  Drum
movement characterization assumptions we
chosen to provide an upper estimate of t
frequency of occurrence for the postulate
accident and are reasonably conservative  wh
compared with the number of drum movemen
identified in LANL safety documentation.

Source Term Calculations

Currently, the  average TRU radioactiv
material content per waste container 
8.9 PE-Ci (LANL 1995f).  Revision 5 of the
WIPP WAC limits the maximum plutonium-
239 equivalent activity for untreated CH-TRU
waste to be received by the facility to 80 PE-
per drum, if not overpacked.  The WIPP WA
G–198
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previously allowed up to 1,000 PE-Ci per waste
container.  Based on the existing inventory, the
maximum container of TRU waste has
658 PE-Ci of radioactive material
(LANL 1996n).

Source Term for High Radioactive Content
Container.  The source term for a postulated
accident involving a high radioactive content
TRU container is based on the identified
maximum drum of TRU waste (658 PE-Ci) to
be managed at LANL.  From the above
discussion, it is clear that this will provide a
bounding source term value.  As noted in
section 3, the frequency of occurrence
calculation accounts for the likelihood (or lack
thereof) that the postulated accident would
involve a drum with a high radioactive material
content.  (Note that RAD–07 was a fire
involving 62 drums, with their expected PE-Ci
content; whereas, this accident involves a single
drum of the maximum PE-Ci content.)

A damage ratio of 1.0 is conservatively assumed
for the postulated accident to account for a
degraded drum failure during retrieval handling
activities.  The TWISP SAR (LANL 1996n)
accounted for the potential of a degraded drum,
but interpreted drum drop tests for nondegraded
drums on an unyielding surface to justify a
somewhat less conservative value for the
damage ratio (0.5).  Bounding values for the
airborne release fraction and respirable release
fraction of 0.001 and 0.1, respectively, are
assigned and are representative of the situation
where surface contaminated material is
packaged in a robust container (e.g., drum) that
fails due to impact with the floor.  The accident
is assumed to occur outdoors such that the
leakpath factor has a value of 1.0.  With the
above information, the initial source term
equation can be quantified as follows:

Initial Source Term = MAR x DR x ARF x RF 
x LPF

= 658 PE-Ci x 1.0 x 0.001 x 0.1 x 1.0

= 0.066 PE-Ci

The suspension MAR equals the initial MAR
minus the initial source term (0.066), which fo
this case effectively equals the initial MAR
The suspension DR and LPF have the sa
values (1.0) as in the initial source term
calculation.  The ARR and RF are assign
values of 4 x 10-5 and 1.0, respectively, based o
bounding resuspension factors for surfa
contaminated material exposed to ambie
conditions (DOE 1994d).  Thus, the suspensi
source term can be quantified as:

Suspension Source Term = MAR x DR x ARR
x 24 hrs x RF x LPF

= 658 PE-Ci x 1.0 x (4 x 10-5) x 24 hrs x 1.0 x 
1.0

= 0.63 PE-Ci

It can be seen that the suspension source ter
an order of magnitude greater than the init
source term.  The calculated suspension sou
term is highly conservative considering th
DOE Handbook 3010-94 assigns the sam
suspension value for surface contaminat
materials as for powders and the assumpt
that the spill is not controlled for 24 hours.  Th
is conservative since the HAZMAT team woul
be expected to clean up the spill much soon
than 24 hours.

Source Term Analysis for Average
Radioactive Content Container.  The source
term for this postulated accident is based on
conservative estimate of the average radioact
content (12 PE-Ci) of a TRU waste container, 
noted above.  Other initial source term
parameters for the high radioactive conte
container would be applicable and are retain
for the analysis of an average radioactiv
content container.  Thus, the initial source ter
is quantified as:
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Initial Source Term = MAR x DR x ARF x RF 
x LPF

= 12 PE-Ci x 1.0 x 0.001 x 0.1 x 1.0

= 0.0012 PE-Ci

The suspension MAR equals the initial MAR,
minus the initial source term (0.0012), which for
this case effectively equals the initial MAR.
The suspension DR and LPF have the same
values (1.0) as in the initial source term
calculation.  The ARR and RF are assigned
values of 4 x 10-5 and 1.0, respectively, based on
bounding resuspension factors for surface
contaminated material exposed to ambient
conditions (DOE 1994d).  Thus, the suspension
source term can be quantified as:

Suspension Source Term = MAR x DR x ARR 
x 24 hrs x RF x LPF

= 12 PE-Ci x 1.0 x (4 x 10-5) x 24 hrs x 1.0 x 1.0

= 0.0115 PE-Ci

As with the high radioactive content container
analysis, it can be seen that the suspension
source term is an order of magnitude greater
than the initial source term and is conservative.

Because the source terms are based on average
and maximum content containers, there are no
variations across the alternatives.

Uncertainties and Sensitivities for RAD–09  

This accident assumes that all of the material in
a drum is spilled.  This assumption is very
conservative because a drum puncture due to a
drop or a puncture with a forklift is not likely to
spill the entire contents of a TRU waste
container.  The conservative assumption,
however, would bound this instance or the
consequences of an event where more than one
drum would be punctured.  The ARF, ARR, and
RF values also bound the type of material that
could be involved in the accident.  Thus, the
accident represents a bound on the variations

that could occur with a drum puncture and 
still considered conservative. 

The suspension term is the dominate contribu
to the doses for this event.  Because of the nat
of the drum puncture event, the cleanup can
easily controlled and evaluated.  If cleanup 
assumed to take 1-hour as opposed to 24 ho
the suspension terms would then change 
shown in Table G.5.6.9–1.     

If the results are scaled by the source a
suspension terms consistent with a 1-ho
cleanup period, the consequences would be
given in Table G.5.6.9–2.   

The results for the 24-hour cleanup are ve
conservative.  Because of the limited nature 
the accident, the expectation is for cleanup 

TABLE  G.5.6.9–1.—Suspension Terms for 
RAD–09

SCENARIO

SUSPENSION 
TERM

1-HOUR 
CLEANUP

SUSPENSION 
TERM

24-HOUR 
CLEANUP

Average 
Activity 
Container

0.00048 PE-Ci 0.012 PE-Ci

High Activity 
Container

0.026 PE-Ci 0.63 PE-Ci

TABLE  G.5.6.9–2.—Consequences for 
RAD–09, 1-Hour Cleanup

SCENARIO

INTEGRATED 
POPULATION 

DOSE 
(PERSON-REM,

TEDE)

EXCESS 
LCFS

Average 
Activity 
Container

0.55 2.7 x 10-4

High Activity 
Container

30 0.015
G–200
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begin immediately after the accident and to be
completed within 1 hour.

Consequences of RAD–09 for Facility 
Workers and the Public 

The consequences for facility workers and the
public are discussed separately.  All facility
operations personnel receive emergency
preparedness training specific to the facility and
for  procedures applicable to all of LANL.  The
Emergency Action Plan directs personnel to
move as quickly as possible in an upwind
direction away from any hazardous situation
and to make appropriate notifications to the
Emergency Management and Response
(EM&R) Group Office as soon as they are
safely away from the hazard.  Once notified, the
EM&R Office assumes all elements of
emergency response and coordination.

The postulated accident would result in an
immediate release to the surrounding area.  The
primary hazard would be airborne suspension of
respirable radioactive material.  The dose to the
involved worker would be dependent on the
ambient conditions of the accident and how they
affect dilution of the radioactive material in the

air (e.g., outdoors, wind speed, confined are
indoors or outdoors), the time  for the worker 
identify a release and to vacate the immedia
area, and any impediments (accident related
the worker’s movement away from the releas
The number of workers potentially expose
would depend on the location of the accide
and the nature of the activity being conducted
the time of the accident (e.g., retrieval vers
waste staging versus truck loading/unloading

No acute fatalities are predicted to result from
postulated accident involving an average or
high radioactive content drum.  The mea
collective population dose is projected to tot
4.4 person-rem (TEDE) for an acciden
involving an average radioactive content drum
resulting in 0.0022 excess LCF.  For a hig
radioactive content drum, accident impacts a
projected to total 230 person-rem (TEDE
resulting in 0.12 excess LCF.  Mean projecte
doses for MEIs (and their associated location
and ground contamination levels are presen
in Tables G.5.6.9–4 and G.5.6.9–5
respectively.  Table G.5.6.9–3 summarizes t
modeling results for RAD–09. 
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TABLE  G.5.6.9–3.—Summary Results for Scenario RAD–09

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 0.0041 per year 
(High Activity)

0.4 per year
(Avg. Activity)

High Activity Container:  Initial source term is 0.066 plutonium-239 
PE-Ci, ground-level release; suspension source term is 0.63 

plutonium-239 PE-Ci, ground-level release; integrated population 
exposure of 230 person-rem (TEDE), 0.12 excess LCF.

Average Activity Container:  Initial source term is 0.0012 plutonium-
239 PE-Ci, ground-level release; suspension source term is 0.012 
plutonium-239 PE-Ci, ground-level release; integrated population 

exposure of 4.4 person-rem, 0.0022 excess LCF.

Expanded Operations 0.0049 per year 
(High Activity)

0.49 per year
(Avg. Activity)

Same as No Action Alternative.

Reduced Operations 0.0039 per year 
(High Activity)

0.38 per year
(Avg. Activity)

Same as No Action Alternative.

Greener 0.0041 per year
(High Activity)

0.4 per year
(Avg. Activity)

Same as No Action Alternative.
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TABLE  G.5.6.9–4.—Predicted Mean Doses to MEIs for Scenario RAD–09

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION
AVERAGE RAD 

CONTENT DRUM
HIGH RAD 

CONTENT DRUM

Closest public access from TA–54–229:  Pajarito Road (210 m)a 4.1 x 10-1 2.3 x 101

Closest site boundary from Pads 1, 2 and  3:   White Rock 
(245 m)a (TWISP SAR; TA–54 Area G SAR)

4.1 x 10-1 2.3 x 101

Special population distance from TA–54–229:  San Ildefonso 
boundary (500 m)

1.1 x 10-1 6.1 x 100

Closest White Rock residence from TA–54–229 (1500 m) 1.6 x 10-2 8.6 x 10-1

Closest population center from Pads 1, 2 and 3:  White Rock 
(1,680 m) (TWISP SAR; TA–54 Area G SAR)

1.3 x 10-2 7.0 x 10-1

Special population distance from TA–54–229:   Piñon Elementary 
School/Park (2,100 m)

8.4 x 10-3 4.6 x 10-1

Special population distance from TA–54–229:   San Ildefonso 
Pueblo (14,300 m)

2.2 x 10-4 1.2 x 10-2

a Estimated using radial distance of 230 m.

TABLE  G.5.6.9–5.—Predicted Mean Ground Contamination Levels for Scenario RAD–09

RADIAL DISTANCE
PLUTONIUM-239 GROUND CONCENTRATION (BQ/m 2)

AVERAGE CONTENT HIGH CONTENT

0.0 to 1.0 km 6.2 x 102 3.4 x 104

1.0 to 2.0 km 6.1 x 101 3.4 x 103

2.0 to 3.0 km 2.4 x 101 1.3 x 103

3.0 to 4.0 km 1.3 x 101 6.9 x 102

4.0 to 8.0 km 4.7 x 100 2.6 x 102

8.0 to 12.0 km 1.9 x 100 1.0 x 102

12.0 to 20.0 km 7.1 x 10-1 3.9 x 101

20.0 to 30.0 km 2.8 x 10-1 1.6 x 101

30.0 to 40.0 km 1.5 x 10-1 8.3 x 100

40.0 to 60.0 km 7.4 x 10-2 4.1 x 100

60.0 to 80.0 km 4.4 x 10-2 2.4 x 100

BQ/m2 = Becquerel per square meter
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G.5.6.10 RAD–10, Plutonium Release 
from Degraded Vault 
Storage Container at 
TA–55–4 

General Scenario Description

TA–55–4 is the Plutonium Facility at LANL.
Among the activities at TA–55–4 is the storage
of a large quantity of plutonium in vault rooms
in the basement of the building.  Accident
scenario RAD–10 involves dropping a
plutonium container during retrieval from the
vault.  The container is a degraded container that
fails and disperses plutonium into the
atmosphere of the vault.  If this sequence of
events occurs during normal operations with
both the HVAC and HEPA systems in
operation, the release will be filtered by several
stages of HEPA filters, and the release to the
environment will be less than 10-8 grams.
Under the SWEIS screening criteria, this
scenario would screen.  In order to have a
release to the environment, the HEPA filters
would have to be failed or the facility would
have to lose power, placing the facility into a
breathing mode.  The breathing mode results in
an LPF of 0.011 (LANL 1996k), while the LPF
with the HEPA filters failed and the HVAC
system in operation is assumed to be 1.0 (LANL
1996k).  The LPF under normal conditions with
both HVAC and HEPA filters in operation is
8 x 10-13 for a multi-stage HEPA filter system
(LANL 1996k).

As a result of implementation of the Defense
Nuclear Facilities Safety Board (DNFSB)
Recommendation 94-01 by DOE, LANL will be
retrieving from storage,  stabilizing, and
repackaging a large amount of plutonium
(DNFSB 1994).  LANL began its program with
8,670 containers of plutonium, and had
completed about 17 percent of the program as of
early 1996.  There are approximately 7,200
remaining containers to be retrieved and
repackaged by the year 2002.  This represents a

rate of about 1,200 per year over the 6-ye
period from 1996 to 2002.

LANL has already completed a 100 perce
visual inventory inspection of the packages 
far retrieved, and found 361 containers wi
some defect.  Of these, 82 appeared to have 
outer containment.  

LANL has approached the degraded contain
issue from a systems reliability standpoin
There is a total of 7,200 plutonium containe
remaining in the vault.  Of these, 5.5 percent a
projected to have a failed outer container (i.e.
total of 396).  Of these, an estimated 2 perce
also have failed inner containers (i.e., a total 
8) (LANL 1996p). DOE Standard 3013-96
(DOE 1996e) addresses the requirements 
containers for long-term (at least 50 year
storage of plutonium.  To meet the standa
plutonium-bearing materials must be in stab
forms and packaged in containers designed
maintain their integrity under both norma
storage conditions and anticipated handlin
accidents for at least 50 years (DOE 1996
The standard applies to metal, oxide, and allo
containing at least 50 percent plutonium b
mass, and containing less than 3 perce
plutonium-238 by mass (DOE 1996e).  Th
quantity of metal per container should be 
close as practical to, but not excee
9.68 pounds (4.40 kilograms).  Stored met
pieces are required to have thicknesses gre
than 0.04 inch (1.0 millimeter) and have specif
surface areas less than 71 square inches 
pound (1.0 square centimeters per gram) 
reduce potential pyrophoric tendencie
(DOE 1996e).  The quantity of oxide b
container should be as close as practical to, 
not exceed, 10.97 pounds (5.00 kilogram
representing the plutonium dioxide equivale
of 9.68 pounds (4.40 kilograms) of plutonium
metal.  The oxides are required to be therma
stabilized with less than 0.5 percent mass lo
on-ignition (DOE 1996e).  The containers a
required to include a minimum of two neste
sealed containers and have at least one conta
that remains leak-tight after a free drop from
G–204
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30-foot (9-meter) height into a flat, essentially
unyielding, horizontal surface (DOE 1996e).
The containers are required to have a cylindrical
geometry not exceeding 4.9 inches
(12.5 centimeters) outside diameter or
10 inches (25.4 centimeters) external height
(DOE 1996e).  Once the plutonium is
repackaged in DOE Standard 3013-96-
compliant containers, the likelihood of RAD–10
will be significantly reduced.

The TA–55 SAR (LANL 1996k) analyzes this
scenario in detail.  The SAR places the
unmitigated scenario (i.e., with HVAC
operating and HEPA filters failed) into the
frequency bin from 10-4 to 10-2 per year.  The
SAR quantified the source term as follows
(LANL 1996k):

Initial Source Term
= MAR x DR x ARF x RF x LPF

= 4,500 x 1 x 0.002 x 0.3 x 1

= 2.7 grams of plutonium

The SAR evaluated the dose to the off-site MEI,
located at the Royal Crest Trailer Court,
2,952 feet (900 meters) from TA–55–4, using
95th percentile meteorology.  The calculated
exposure was 8.1 rem TEDE (LANL 1996k).

No Action Alternative Frequency Analysis

There are two types of containers for which
analyses must be made.  Most containers in the
vault are closed such that some pre-existing
failure would be necessary in order to get a
release from dropping the container.  This
applies to 7,200 total containers, less those that
do not meet this criterion (1,370), or a total of
5,830 containers.  The frequency of this
scenario can be evaluated using the following
equation:

FDROP = NCONT x HDROP x CINNER x COUTER
x CHEPA x HHVAC

where:

FDROP = Frequency of dropped containe
resulting in unfiltered release o
plutonium

NCONT = Number of containers handled pe
year

HDROP = Human error probability (HEP),
dropping a container

CINNER  = Conditional probability of a degrade
inner container

COUTER = Conditional probability of a
degraded outer container

CHEPA = Conditional probability of HEPA
failure

HHVAC = Human error probability, failure to
terminate HVAC system with
HEPA filters failed and stack
monitor alarming

The number of containers handled per ye
based on the DNFSB 94-1 program bein
completed in the year 2002, is 1,200 containe
per year.  Of these, 5,830 have seals that wo
require a pre-existing failure, or a rate of 972 p
year.  It is assumed that containers are hand
only once before being placed into DO
Standard 3013-96 containers.

The HEP in dropping a plutonium container 
estimated at 0.001 per demand.  This value
applicable to a checker failing to check th
status of equipment if the status of th
equipment affects one’s safety when performi
the task (Swain and Guttmann 1983).  This er
rate is judged to most closely represent t
circumstances involved in retrieving a contain
of plutonium from the vault at TA–55–4.

The conditional probabilities of failed outer an
inner containers are estimated at 0.055 and 0.
respectively, based on LANL-specific dat
(LANL 1996p).  The conditional probability of
G–205
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the HEPA system being failed is evaluated
based on LANL-specific data from 1990 to1994
(LANL 1990b, LANL 1991b, LANL 1994c,
LANL 1994d, and LANL 1995h), and
considered a two-stage HEPA filter system
(LANL 1996k).  The 1990 to 1994 data indicate
a 5 percent failure rate for HEPA filters.
However, there is differential pressure
measuring instrumentation installed between
the HEPA filters in series, which alarms when it
detects failure of a filter.  In order for HEPA
filters in series to fail, both the HEPA filters and
the differential pressure instrumentation
indicating failure of filters must fail.
Considering two filters in series, this yields a
HEPA failure rate of 0.05 x 0.05, or 2.5 x 10-3

for the HEPA filters, and an additional
conditional probability of 5 x 10-3 for failure of
a single instrument channel covered by a
preventive maintenance program and related
administrative procedures (Mahn et al. 1995).
Thus, the overall HEPA filter failure probability
is (2.5 x 10-3) x (5 x 10-3), or 1.3 x 10-5 per
demand.

HHVAC is a proceduralized action.  The Human
Reliability Handbook identifies a basic HEP for
these circumstances of 0.025 per demand
(Swain and Guttmann 1983).  A shift
supervisory function also would be staffed and
would be expected to respond if the operator
does not.  The HEP for this function is 0.1
(Swain and Guttmann 1983).  The total HEP for
HHVAC is 0.025 x 0.1, or 2.5 x 10-3 per demand.

Based on these considerations, the above
equation can be quantified as follows:

FDROP = NCONT x HDROP x CINNER x COUTER
x CHEPA x HHVAC

= 972 x 0.001 x 0.055 x 0.02 x (1.3 x 10-5) x
(2.5 x 10-3)

= 3.5 x 10-11 per year

The frequency of such a scenario affecting only
facility workers is much higher because the

CHEPA and HHVAC terms disappear from the
frequency equation (it is not necessary to ha
HEPA or HVAC failures to affect workers
inside the facility).  Quantified for workers, th
frequency becomes 1.1 x 10-3 per year. 

The remaining 1,370 containers are food pa
cans, dressing jars, or other similar containe
These containers were used to pack plutoniu
metal (LANL 1996k).  In addition, these
containers lack a hermetic seal, which can le
to oxidation of the metal and failure of the inne
containers.  Corrosion of the metal by organ
compounds caused by alpha-particle-induc
decomposition of the plastic also can occu
Finally, degradation of taped seals on contain
and plastic bags around the inner containe
makes the containers susceptible to ruptu
during handling or if dropped (LANL 1996k)
For these reasons, the conditional probability
a degraded container is taken as 1.0.

The following equation applies:

FDROP = NCONT x HDROP x CHEPA x HHVAC

where:

FDROP = Frequency of dropped containe
resulting in release of plutonium

NCONT = Number of containers handled pe
year

HDROP = Human error probability, dropping a
container

CHEPA = Conditional probability of HEPA
failure

HHVAC = Human error probability, failure to
terminate HVAC system with
HEPA filters failed and stack
monitor alarming

The number of containers is 1,370, divided b
the 6-year period of the 94-1 program, or a ra
of 228 per year.
G–206
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Based on the information presented above, the
equation can be quantified as follows: 

FDROP = NCONT x HDROP x CHEPA x HHVAC

= 228 x 0.001 x (1.3 x 10-5) x (2.5 x 10-3)

= 7.5 x 10-9 per year

Clearly, these containers dominate the overall
frequency.  However, the overall frequency is
extremely low.  Based on detailed frequency
quantification, it was determined that the
qualitative binning of this sequence into the
10-6 to 10-4 per year frequency bin in the TA–55
SAR is excessively conservative, and that this
scenario screens on low frequency.  On a
deterministic basis, so many failures and/or
human errors are required for a release to the
environment to occur from this scenario that the
scenario is not credible.

The frequency of such a scenario affecting a
worker is different because the CHEPA and
HHVAC terms disappear from the frequency
equation (it is not necessary to have HEPA or
HVAC failures to affect workers inside the
facility).  Quantified for workers, the frequency
becomes 0.228 per year, or about one every
5 years.  This would place this scenario into an
expected occurrence.  The quantification is
conservative in that it assumes every time a
container is dropped a spill  results.  This
scenario has been included as a strictly worker
accident in section G.5.7.5.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–10

Regardless of the sensitivities and uncertainties
in the frequency of this scenario, the absolute
frequency is extremely small and would not
result in a credible scenario frequency even if
more conservative values were used in
quantification.  The scenario is screened from
further analysis.

Source Term Calculations

Source term calculations followed the gener
DOE Handbook 3010-94 process, with th
ARF and RF selected therefrom (DOE 1994
page 4-9) and are also those used for this sp
The DR is 1 (the entire contents of the contain
are spilled), and the LPF = 1 with the HEP
filters failed (this is very conservative).  Thus
the source term equation can be quantified 
follows:

Initial Source Term = MAR x DR x ARF x 
RF x LPF

= 4,500 x 1 x 0.002 x 0.3 x 1

= 2.7 grams weapons-grade plutonium

The suspension source term calculation also
performed according to DOE Handboo
3010-94.  The ARR and RF values for a powd
spill are 0.00004 and 1.0, respectively, for 
homogeneous bed of powder exposed to norm
process ventilation flow (it is conservative t
assume that the ventilation system is not turn
off).  Quantification is for 24 hours (this is
potentially very conservative for a spill insid
the facility).  The suspension source ter
equation is quantified as follows:

Suspension Source Term = MAR x DR x
ARR/hr x 24 hrs x RF x LPF

= (4,500 - 2.7) x 1 x 0.00004 x 24 x 1 x 

= 4.3 grams of weapons-grade plutonium

There are no differences in source term acro
the alternatives.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–10

The assumption of an LPF of 1 with th
ventilation on and the HEPA filters failed i
extremely conservative.  It would be expecte
that, by procedure in response to stack radiat
alarms, the ventilation system would be sh
G–207
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down as soon as the HEPA filter failure was
discovered, which would take the LPF from 1 to
0.011.  The assumption of a 24-hour suspension
period for this process-oriented event is also
potentially very conservative because the spill
would be expected to be cleaned up well before
24 hours.  

Another significant uncertainty is the quantity
of plutonium in the container.  The analysis
assumes the maximum allowed (4,500 grams).
In reality, the amount could be smaller, resulting
in a smaller source term.

Consequences of RAD–10 for Facility 
Workers and the Public

Consequences are discussed separately for
facility workers and the public.  The workers
retrieving the container that is dropped and fails
could be exposed to plutonium inhalation, with
substantial doses possible depending upon the
usage of PPE and the speed with which the
worker(s) is able to exit the immediate area.

The public consequences are summarized in
Table G.5.6.10–1.  It must be understood that
the worker consequences occur at a much higher
frequency.  As indicated above, the likelihood
of public consequences from this scenario is
extremely small and considered to be incredible
under NEPA practice.  The likelihood of worker
consequences is much higher, ranging from
1.1 x 10-3 to 0.22 per year for the two
contributing scenarios.

No acute fatalities are predicted to result from
the postulated accident.  The mean collective
population dose is projected to total 560 person-
rem (TEDE), resulting in 0.28 excess LCFs.
Mean projected doses for MEIs (and their
associated locations) and ground contamination
levels are presented in Tables G.5.6.10–2 and
G.5.6.10–3, respectively.

G.5.6.11 RAD–11, Container Breach 
After Detonation of 
Plutonium-Containing 
Assembly at DARHT

General Scenario Description

General information on the DARHT Facility
and its function and mission is provided i
RAD–04.  As stated in RAD–04, the DARHT
EIS included analysis of potential accident
including bounding accidents that were select
and evaluated on a “what-if” basis (DOE 1995
based on potential consequences, with little 
no consideration of the frequency of occurrenc
though the likelihood of occurrence would b
small.  Scenario RAD–11 represents the failu
of a double-walled steel containment syste
following the detonation of a plutonium
containing assembly.  As noted earlier in th
DARHT EIS, in related safety analyses the
accidents have been evaluated to be not cred
(probability less than 10-6 per year).  Although
some hundreds of dynamic experiments may
conducted per year, only a small number w
contain plutonium (LANL 1996m), and thes
experiments would not reasonably be expec
to result in any release of plutonium to th
environment (DOE 1995a).

As explained in greater detail in the DARH
EIS, the accident scenario RAD–11 involves t
failure (breach) of a double-walled stee
containment system following the planne
detonation of a plutonium-containing assemb
to be radiographed at DARHT or at the existin
PHERMEX Facility located a short distanc
away.  Some dynamic experiments involv
plutonium in order to obtain needed informatio
and understanding associated with nucle
weapons aging and continued assurance 
weapon safety and performance (DOE 1995
As a matter of policy, these experiments w
always be conducted inside a double-wall
steel containment system consisting of an inn
confinement vessel and an outer safety vesse
prevent plutonium release; furthermore, th
G–208
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TABLE  G.5.6.10–1.—Summary Results for Scenario RAD–10

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action Incredible 2.7 grams of weapons-grade plutonium released initially from the 
stack, 4.3 grams subsequently released in 24 hours due to suspension; 
integrated population exposure of 560 person-rem, 0.28 excess LCFs.

Expanded Operations Incredible Same as No Action Alternative.

Reduced Operations Incredible Same as No Action Alternative.

Greener Incredible Same as No Action Alternative.

TABLE  G.5.6.10–2.—Predicted Mean Doses to MEIs for Scenario RAD–10

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest Public Access:  Pajarito Road (50 m) 44

Closest Residence:  Royal Crest Trailer Park (900 m) 1.1 x 100

Special Population Distance:  Los Alamos Hospital (1,200 m) 3.2 x 10-1

Special Population Distance:  San Ildefonso Pueblo boundary (3,900 m) 1.5 x 10-1

Special Population Distance:  San Ildefonso Pueblo (17,000 m) 1.1 x 10-2

TABLE  G.5.6.10–3.—Predicted Mean Ground Contamination Levels for Scenario RAD–10

RADIAL DISTANCE
PLUTONIUM-239 GROUND 
CONCENTRATION (BQ/m 2)

0.0 to 1.0 km 5.7 x 103

1.0 to 2.0 km 2.3 x 103

2.0 to 3.0 km 1.2 x 103

3.0 to 4.0 km 7.1 x 102

4.0 to 8.0 km 3.1  x102

8.0 to 12.0 km 1.2 x 102

12.0 to 20.0 km 5.0 x 101

20.0 to 30.0 km 2.0 x 101

30.0 to 40.0 km 1.1 x 101

40.0 to 60.0 km 5.4 x 100

60.0 to 80.0 km 2.9 x 100
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experiments will always be arranged and
conducted in such a manner that a nuclear
explosion could not result (DOE 1995a).

The impacts of the hypothetical RAD–11
containment breach scenario are similar to but
less than those for the hypothetical uncontained
detonation scenario of RAD–04.  For the
RAD–11 scenario, no immediate worker deaths
would be anticipated due to the high-explosives
blast causing the containment breach because
involved workers would be sheltered at the time
of test execution.  The human health impacts to
the public and to noninvolved workers are
dominated by the explosive aerosolization of
plutonium, which is then released through a
breach in the double-walled containment and
atmospherically dispersed.  In the DARHT EIS,
DOE examined the environmental
consequences that could occur if the outer
vessel were breached with a 1-inch hole (DOE
1995a).  Up to tens of excess LCFs based on a
50-year committed dose would result from this
hypothetical scenario, depending on the
population sector assumed to be exposed due to
extant winds.  Impact analysis for this SWEIS is
taken directly from the analysis DOE has
already performed and received comment on
from the public; other agencies; and state, local,
and Tribal governments in the DARHT EIS.
For the convenience of the public and the
decision maker, some of that information also is
directly reproduced in this SWEIS
(section G.5.6.4).  The methodology and all
impacts associated with this hypothetical
containment failure are principally contained in
Chapter 5 and Appendixes H, I, and J of that
EIS; additional information is contained in a
classified appendix.

No Action Alternative Frequency Analysis.
The frequency of this scenario is evaluated as
incredible (i.e., less than 10-6 per year), as was
indicated the DARHT EIS (DOE 1995a).  This
frequency is corroborated by DOE safety
analyses.

Expanded Operations, Reduced Operations,
and Greener Alternatives Frequency
Analysis.  No differences in frequency acros
the SWEIS alternatives have been identifie
that would alter the designation of this scena
as having a frequency of less than 10-6 per year,
as discussed in the DARHT EIS.  The frequen
categorization for the No Action Alternative i
assumed to be applicable across the SWE
alternatives.

Source Term Calculations.  As described in
the DARHT EIS (DOE 1995a), analysis of thi
hypothetical accident is documented in 
classified appendix to that EIS.  While th
resulting impacts, as well as unclassifie
calculations, assumptions, and modelin
methods, are contained in the unclassifi
sections of the EIS, some details of su
experiments, including some associated w
the source terms for this accident scenario, 
classified.

Consequences of RAD–11 for Facility
Workers and the Public.  Impacts to involved
workers, noninvolved workers, public
populations and MEIs, were described in th
DARHT EIS.  Under this scenario, there wou
be no impact to workers, who would b
sheltered during the detonation and subsequ
breach of the vessel system.

Predominant human health impacts 
noninvolved workers or the public would stem
from exposure to aerosolized and dispers
material.  Impacts to noninvolved workers 
distances of 2,500 and 1,300 feet (750 met
and 400 meters) were evaluated (DOE 1995
Doses to noninvolved workers were estimat
to be 60 rem and 20 rem for a worker 
1,300 feet and 2,500 feet (400 meters a
750 meters), respectively; correspondin
probabilities of excess LCFs would be 0.02 a
0.009, respectively, for such individuals
LANL administratively controls access to
explosives areas by noninvolved individua
and has a set of established hazard radii 
protection of personnel from fragment injur
G–210
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from explosives experiments, based on DOE
principles.  It was estimated that a noninvolved
worker would likely be no closer than 2,500 feet
(750 meters).  The public MEI located at State
Road 4 was calculated to receive 14 rem, with a
resulting probability of an excess LCF of 0.007
(DOE 1995a).

The population exposure for the most populated
sector (which includes White Rock and Santa
Fe) was estimated to be between 210 and
560 person-rem for 50th and 95th percentile
meteorological conditions, respectively,
resulting in negligible excess LCFs
(DOE 1995a).  While diffusion of material
across an entire directional sector was taken into
account, it was assumed that all of the
community populations were located at or near
to the plume center line, a conservative
assumption that results in an overestimate of
impacts (DOE 1995a).  Impacts for both
workers and the public also can be found in
tabular form in Table I-10 and Table I-11 in the
DARHT EIS, which is reprinted for
convenience in this SWEIS in section G.5.6.4.
These tables show impacts from both the
uncontained detonation and containment breach
scenarios on a what-if basis.  Population dose
and impacts to other communities also were
calculated for the inadvertent detonation
accident, which is the bounding case, and can be
seen in RAD–04 (section G.5.6.4).
Table G.5.6.11–1 summarizes these results.   

G.5.6.12 RAD–12, Plutonium Release
from a Seismically Initiated 
Event

General Scenario Description

The accident scenario discussed here is 
explosively driven release of plutonium from
building TA–16–411.  This scenario is simila
to that of RAD–04, but would be specific to th
TA–16–411 facility because it supports existin
high explosives operations.  The explosiv
dispersal would be initiated by the collapse 
appropriate parts of this structure during a
earthquake, during one of the short perio
when an explosive assembly includin
plutonium would reside in this facility.  In this
scenario, the seismic collapse is postulated
cause high explosives to detonate and, in 
process, aerosolize a portion of the plutonium
respirable particles.  Although it could b
expected from the collapse of the building tha
portion of the material (including respirabl
particles) would be trapped by the debris a
unavailable for atmospheric transport.  For th
case it was conservatively assumed that th
was no trapping of material relative to a
uncontained, open-air explosives release.

The scenario is considered marginally credib
based on recent safety analyses, and may fa
or below the screening criteria cutoffs (t
“incredible”) as more detailed analysis i
developed.  New studies have demonstrated t
the frequency of such an accident wou

TABLE  G.5.6.11–1.—Summary Results for Scenario RAD–11

ALTERNATIVE
ACCIDENT 

FREQUENCY

INTEGRATED 
POPULATION DOSE 

(PERSON-REM, TEDE)
EXCESS LCFS

No Action < 10-6 210 .01

Expanded Operations < 10-6 210 01

Reduced Operations < 10-6 210 01

Greener < 10-6 210 01
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decrease based on more detailed and thorough
(yet still conservative) evaluation of the
structural robustness of the vault of building
TA–16–411 (the only part of the structure where
these materials would reside) to withstand
earthquakes.  These studies are currently under
review by LANL and DOE.  Similarly, other
factors of conservatism are included in the
current assessment of probability of this
scenario.

No Action Alternative Frequency Analysis

Because this accident scenario is a seismically
initiated event, the capacity of the building to
withstand an earthquake is a key factor in
determining the frequency of the accident.
TA–16–411 includes a vault structure attached
to an older main building.  Because high
explosives and plutonium material would only
be present within the vault structure, it is the
capacity of the vault to withstand earthquakes,
not that of the less-robust older part of the
structure, that relate to the probability or
frequency of this scenario.  

The vault and its major components in
TA–16–411 are known to have a significantly
greater capacity to resist damage from an
earthquake than the older main structure.
Highly conservative analyses based on simple
statistical modeling of the vault structure
showed the vault would withstand earthquakes
in the SITE–01 grouping of earthquake
magnitudes (0.04 to 0.1 g), but were consistent
with a low probability of failure from
earthquakes of about 0.3 g, in the SITE–03
range.  This means that we have a great deal of
confidence that the vault will not fail for higher
frequency earthquakes, and are therefore very
conservative in estimating a failure of the vault
at these stated values.

Note that in the SITE–01 estimates of the
HCLPF values, the building as a whole
corresponds to 0.05 g, which lies in the range
designated as the SITE–01 grouping of
earthquake magnitudes (0.04 to 0.10 g).  The

HCLPF value related to the structure as a wh
is limited by the older main structure; thi
magnitude earthquake would correspond to
frequency of 3.5 x 10-3.

The overall accident frequency is lower than t
estimated earthquake occurrence frequen
because of further conditional probabilities o
an earthquake occurring when the hig
explosives components are in the vault becau
they are not housed in the vault on a continuo
basis.   Finally, these explosives are not high
susceptible to detonation from low impac
mechanical shocks, such as falling debris.  

Because the vault is the only releva
component of the building, the overa
frequency based on this seismic analysis wo
be on the order of magnitude of 4 x 10-6, near
the screening threshold for credible accidents
this SWEIS.

More recently, a more thorough dynamic mod
analysis of this structure (still based o
conservative principles) performed unde
contract to LANL has indicated that th
structure would have a high confidence 
withstanding at least 0.31 g earthquakes.  This
would reduce the frequency associated with th
accident scenario to about 1.5 x 10-6 or lower.
More precise estimates of this frequency may
available by the time the Final SWEIS i
prepared.  At this frequency, the accident 
marginally credible when conservativel
analyzed.  More realistic, but still conservativ
assumptions could reduce this frequency 
below 10-6; however, to be conservative, thi
scenario is included in the Draft SWEIS a
marginally credible.

Expanded Operations, Reduced Operations, 
and Greener Alternatives

Because this building will be used under a
alternatives, the frequency values would rema
the same.
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No Action Source Term Calculations

Some details associated with the source terms
for this accident scenario are classified.  No
credit is taken for entrapment of the material by
building debris, so all of the respirable particles
are considered available for atmospheric
transport.

Consequences for Facility Workers

The workers in the facility would be killed by
the explosion or falling debris.  No doses were
evaluated because it would be highly unlikely
that anyone would survive such an event.

Consequences for the Public

As noted earlier, different methodologies may
be used to evaluate atmospheric dispersal and
human health impacts; it is understood in this
analysis that there is a range of uncertainty
associated such models.  Conservatism is
included through a variety of approximations
and assumptions.  For this accident scenario, the
equations used to define the initial plume
dimensions and plume centerline height are
those recommended in Plutonium Explosive
Dispersal Modeling Using the MACCS 2
Computer Code (Steele et al. 1997).  The Julick
System (Vogt 1997) derived for 164-foot
(50-meter) plumes is used for determining the
downwind expansion of the Σy and Σz terms.
The plume meander option was not activated.

The duration of the emergency phase was
defined as 1 day.  It was assumed that no
emergency phase mitigative actions (evacuation
or sheltering) were implemented to reduce
emergency phase exposures.  For doses from the
inhalation of resuspended particles, chronic
population exposures were to be mitigated by
decontamination, temporary interdiction, or
condemnation of contaminated property, if
doses exceeded 2 rem in the first year following
the accident.  This criterion is a generalization
of EPA guidance that recommends dose
mitigative actions if it is projected that

individuals will receive 2 rem in the first yea
following the accident (EPA 1991). 

The integrated population numbers are given 
both the public within a 50-mile (80-kilometer
radius and, separately, the LANL workforc
populations.  Note that adding these numbe
represents a conservative number.  LAN
employees who work at the site and live with
the area are counted twice for the integrat
population doses.

Table G.5.6.12–1 is a summary o
the consequences for this scenari
Table G.5.6.12–2 is a summary of the overa
risks for this scenario.  The MEI location
calculated for this scenario are given 
Table G.5.6.12–3.

G.5.6.13 RAD–13, Plutonium Release
from Flux Trap Irradiation 
Experiment

General Scenario Description

The Skua fast-burst reactor, housed at Kiva 
at Pajarito Site (TA–18–116) can be used f
irradiation of experiments within a cavity in th
reactor core, called a flux trap.  Thes
experiments would be carried out inside Kiva #
(LANL 1996f).  The bounding experimen
modeled here is a shock rod experiment; oth
experiments, involving less severe conditio
and far less MAR, may also be carried out in t
Skua flux trap.  The intent of a shock ro
experiment is to measure the stress generate
a sample of fissile material by the rapid heatin
caused by fissions induced by the neutron pul
The accident scenario involves a shock r
experiment in which the maximum design puls
of power is delivered to the experiment, rath
than the lower intended power.  The oversiz
pulse results in a very high energy deposition
the shock rod, resulting in melting (but no
vaporization) of 6,000 grams of plutonium. 
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TABLE  G.5.6.12–1.—Consequences for Accident Scenario RAD–12

LANL WORKFORCE 
POPULATION DOSES 
(TEDE, PERSON-REM)

EXCESS LATENT 
CANCER FATALITIES

OFF-SITE 
POPULATION DOSES
(TEDE, PERSON-REM)

EXCESS LATENT 
CANCER FATALITIES

7,800 3.9 28,000 14

TABLE  G.5.6.12–2.—Overall Risks for Accident Scenario RAD–12

ALTERNATIVE
ACCIDENT 

FREQUENCY
(EVENT/YR)

INTEGRATED 
POPULATION 
DOSE (TEDE, 

PERSON-REM)

EXCESS LATENT 
CANCER 

FATALITIES

No Action 1.5 x 10-6 35,800 18

Expanded Operationsa No change No change No change

Reduced Operationsa No change No change No change

Greenera No change No change No change

a No change is noted with regard to the No Action Alternative.

TABLE  G.5.6.12–3.—Predicted MEI Doses for Scenario RAD–12

MEI LOCATION DOSE

100 m   87

Closest Site Boundary:  550 m 138

Closest Residential Population:  5.2 km   18
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Note that no such experiments have been
conducted to date at TA–18.  Thus, the TA–18
SAR analysis concerns a capability to perform
such experiments, rather than an intention to do
so.  (Shock rod experiments have been
performed at SNL using the SPR-II fast-burst
reactor, and are discussed in the SARs of both
SPR-II and SPR-III.)

Shock rod experiments can be carried out using
highly enriched uranium (largely, uranium-235)
or plutonium (largely, plutonium-239)
(LANL 1996f).  However, because the expected
fuel failure and resultant hazards of uranium
experiments are much lower than for plutonium
rods, the TA–18 SAR analysis focused on the
plutonium shock-rod experiments
(LANL 1996f).   The SWEIS accident analysis
also concerns plutonium shock rod experiments
for the same reasons.

Plutonium experiments with the Skua fast-burst
assembly are required to incorporate two levels
of containment; but, the TA–18 SAR analysis
assumes no containment (LANL 1996f and
Paternoster et al. 1995).  However, even if
containment is used,  the SAR calculations
indicate that a final liquid temperature of about
3,600°F (2,000°C) is achieved.  Because the
melting temperature of a range of stainless
steels used as glory-hole liners is 2,552 to
2,732°F (1,400 to 1,500°C), rupturing of the
steel liner in the containment device would be
expected, which would allow the molten
plutonium to contact air.  Because the ignition
temperature of plutonium in air is about 930 to
1,100°F (500 to 600°C) (depending on the
surface area of the plutonium), a plutonium fire
would occur (LANL 1996f).

This accident scenario was analyzed in the
TA–18 SAR.  No accident sequence frequency
was estimated or calculated in the SAR, nor was
a frequency bin assignment made.  Rather, the
SAR stated that all of the accidents analyzed
were incredible, implying a frequency of less
than 10-6 per year.  The source term was
calculated assuming a release fraction of 0.001

from the melt (i.e., 6 grams of plutonium)
Release into the environment was model
based on exfiltration through the confineme
structure and dispersal downwind.  The sour
term also took into consideration the fissio
products generated during the burst of neutro
to the target material (LANL 1996f).

No Action Alternative Frequency Analysis

No shock rod experiments have been perform
at TA–18, nor are any such experiments plann
under any of the SWEIS alternatives.  Th
TA–18 SAR analysis is more by way o
providing SAR assessment space so that if 
need arises, the capability to conduct shock r
experiments can be realized without a lengt
administrative delay that could otherwise b
needed in order to amend the SAR
Accordingly, any frequency assignment for th
accident scenario will necessarily b
speculative.  

Nevertheless, some perspective on t
likelihood of the accident scenario can b
gained by considering what sorts of failure
would be necessary in order for the accident
take place.  Both the TA–18 SAR and the SA
for the SPR-III facility at SNL characterize th
accident as probable because it can occur at
design power level of the fast-burst reactor us
to conduct the experiment (LANL 1996f)
Based on DOE Standard 3009-94 (DOE 1994
this is interpreted to mean that the accident
credible, but very unlikely, representing 
design basis accident.  This would place t
accident scenario into the 10-6 to 10-4 per year
frequency bin. 

The most likely cause of the accident would b
a chain of human errors leading to an excess
power level (but still within Skua design levels
being used for the experiment, although it 
feasible that an undetected design or fabricat
error could also lead to the accident.  Typic
human error rates for tasks generally are in t
range of 10-4 to 10-2 (Mahn et al. 1995 and
Swain and Guttmann 1983).  Considering t
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fact that tests at TA–18 are performed under a
testing plan and an experiment plan, these
additional levels of administrative control
suggest that the lower end of this range of
human error rates is more reasonable as a basis
for quantification.  The probability of errors for
a checker of someone else’s work is expected to
be higher than the probability of the original
error because the checker does not normally
completely redo the calculations when
evaluating someone else’s work.  This
represents a special case of dependence in
human reliability analysis (Swain and Guttmann
1983).  The basic recommended error rate for a
checker is 0.1 when using written procedures;
for a one-of-a-kind check (nonroutine), the
recommended value is 0.05 because the checker
would be expected to approach this task with a
higher level of alertness for possible errors
(Swain and Guttmann 1983).

Also important for the particular accident under
evaluation here is that the opportunities for
recovery from the error during the pulse
operation are extremely limited once the
calculation checks have been completed.  This is
due to the nature of the event.  That is, once the
experiment has been set up and the operation
initiated, the neutron pulse happens in a tiny
fraction of a second, and there is no chance to
recover from the error or mitigate the
consequences of the event (apart from
emergency response).

Considering the above, the human error rate in
experiment operation might be of the order of
5 x 10-7 per experiment (0.0001 x 0.05 x 0.1),
assuming one initial error and two failed checks.
Even this estimate implicitly assumes that all
errors lead to the fuel melting outcome; this is
clearly incorrect because not all operational
errors are catastrophic.  Clearly, a plutonium
melting accident arising from a shock rod
experiment is not very likely.

It is also possible that an error in maintenance or
calibration could lead to a higher than intended
power level being delivered to a shock rod

experiment.  This would also require at least tw
errors (the initial error and the failure of th
checker to detect the error).  If independen
between these errors is assumed, a typical H
for test, maintenance, and calibration activiti
that leaves a component or system with 
unrevealed fault is 10-3 per demand, with a
range from 3 x 10-4 to 3 x 10-3 per demand
(Mahn et al. 1995), with the lower end of th
range being more reasonable, given t
administrative controls mentioned abov
Given the unique nature of a shock ro
experiment for LANL, the appropriate checke
failure rate would be 0.05.  This would yield 
value of about 1.5 x 10-5 (0.0003 x 0.05 =
1.5 x 10-5).  However, not all errors are equall
serious or would necessarily lead to a pow
level resulting in shock rod melting (e.g., som
errors would lead to the inability to conduct th
pulse, with an investigation into the cause bei
very likely to identify the error and lead to it
correction.)  Again, a plutonium melting
accident arising from a shock rod experiment
not very likely. 

Consistent with the sliding-scale approach 
DOE NEPA guidance (DOE 1993b), th
frequency of this accident is set to 1.6 x 10-5 per
experiment for all alternatives (the sum of th
conditional frequencies of the two contributin
error modes).  (This frequency is carrie
forward as one experiment per year.) 

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

This accident is independent of the alternative
The activity that could give rise to this accide
has not yet been performed at LANL and is n
scheduled to be performed.  The accide
models a capability to perform the activity
Therefore, there is no reason to assess
variation in frequency across the alternatives.
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Uncertainties and Sensitivities Affecting the 
Frequency of RAD–13

The accident frequency calculation documented
above is speculative.  However, given that the
experiment has not been performed at LANL
and that there are no current plans to perform the
experiment, the frequency estimate is
considered to be representative of what might be
expected for circumstances under which the
experiment is conducted infrequently (once per
year or less). 

Source Term Calculations

The TA–18 SAR employed a respirable release
fraction (ARF x RF) of 0.001.  This assessment
was based on assuming 6,000 grams of
plutonium melted and that this entire amount is
distributed for optimum dispersal
(LANL 1996f).  The SAR analysis does not
make reference to DOE Handbook 3010-94.
The SNL SPR-III SAR analysis predates the
LANL analysis, and mirrors it in most respects.
One notable difference, however, is that the
LANL release fraction is five times lower than
the SNL release fraction (0.001 versus 0.005).

The source term was quantified for the SWEIS
according to DOE Handbook 3010-94
guidance.  The MAR is 6,000 grams of
weapons-grade plutonium in molten (liquid)
form (LANL 1996f).  The DR is assessed as 1.0
(all 6,000 grams are molten).  

The LPF is not directly calculated or estimated
in the TA–18 SAR.  Because the SAR assessed
no driving force associated with the accident,
the release from the kiva was modeled as wind-
driven exfiltration.  Over a 2-hour period, the
release fraction (which is dependent on wind
speed) ranges from 0.05 to 0.25 for wind speeds
in the range from 1 to 10 miles per second (2.2
to 22.3 miles per hour) (LANL 1996f).  Because
typical upslope and downslope winds at Los
Alamos are in the range of 2.5 to 3 miles (4.0 to
4.8 kilometers) per second (LANL 1990a),
DOE has selected an LPF of 0.1 (which is

between the values for 2 and 3 miles [3.2 
4.8 kilometers] per second).

Selection of appropriate ARF and RF values
complicated by the limited description of th
accident scenario in the LACEF SAR.  The SA
acknowledges the possibility that rupturing th
containment vessel could allow molte
plutonium to slump to the assembly stand a
adjacent areas.  For airborne release 
particulates from disturbed molten meta
surfaces (i.e., flowing metal, actions resulting 
continuous surface renewal), DOE Handbo
3010-94 recommends the bounding ARF a
RF values of 0.01 and 1.0, respective
(DOE 1994d).  The handbook clarifies that th
bounding value applies to situations whe
ignited, molten plutonium is disturbed by direc
impact of high air velocities such as during fre
fall (DOE 1994d).

The handbook also addresses a circumsta
involving the airborne release of particulate
formed by self-sustained oxidation (molte
metal with oxide coat), self-induced convectio
The handbook clarifies that this applies to se
sustained oxidation in air of metal piece
(DOE 1994d).  The ARF and RF values for th
circumstance are 0.0005 and 0.5, respectivel

ARF and RF bounding values for these two se
of circumstances yield initial source terms a
follows:

Self-Sustained Oxidation

Source Term = MAR x DR x ARF x RF x 
LPF

= 6,000 x 1 x 0.0005 x 0.5 x 0.1 

= 0.15 grams

Disturbed Molten Metal Surfaces

Source Term = MAR x DR x ARF x RF x 
LPF
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= 6,000 x 1 x 0.01 x 1 x 0.1

= 6.0 grams

The suspension source-term calculation was
also performed according to DOE Handbook
3010-94 guidance:

Suspension Source Term = MAR x DR x 
ARR/hr x 24 hrs x RF x LPF

= 6,000 x 1 x 0.00004 x 24 hrs x 1 x 0.1 

= 0.6 grams

The ARR and RF values are based on powder
located inside a building with ambient
conditions (DOE 1994d).  This was considered
to be appropriate because the melted plutonium
released from the containment device will burn
on contact with air and change the physical state
of the plutonium.

In addition to the plutonium source term from
the melting event, a radiological release will
occur as a result of the generation of fission
products due to the neutron pulse.  The large
majority of fission products have very short
half-lives (on the order of 0.21 seconds to
3.15 minutes) and  their mode of decay is
primarily by beta and gamma emission.  The
SAR analysis assigned an average dose-rate
conversion factor for air immersion
(cloudshine) of 4,000 millirem-cubic meter per
microcurie per year to those beta-gamma
emitting radionuclides not having documented
values.  Comparison of the decay product
quantities and dose conversion factors with the
plutonium source term values indicated that the
fission products provide a negligible
contribution to the total dose from internal
exposure pathways.  Consequently, doses
resulting from internal exposure pathways for
fission products were not modeled.  Doses
resulting from the external exposure pathway
(air immersion) for fission products (6.02 x 103

curies) were estimated using the SAR-
determined average dose-rate conversion factor

of 4,000 millirem-cubic meter per microcurie
per year.

The accident does not change across 
alternatives.  The No Action Alternative sourc
term applies to all of the SWEIS alternatives.

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–13

The source term for RAD–13 is very sensitive 
the accident progression, which ha
unfortunately not been evaluated in detail pa
the point where the plutonium melts.  If th
accident progression is relatively benig
(involving low pressure melting of the containe
and candling of the molten liquid down the side
of the Skua device), then the SAR source term
probably conservative.  If, however, a mo
energetic surface reaction occurs in the molt
material, then the SAR estimate of the sour
term is possibly too low.

One uncertainty in this case would be how mu
of the plutonium would actually be ejected
versus  the amount that would cool and freeze
the interior surface of the container.  Fine
divided liquid plutonium metal at high
temperature would be expected to b
energetically pyrophoric with the air inside th
kiva.  The rate of oxidation of plutonium is
dependent on:  (1) temperature, (2) the surfa
area of the reacting metal, (3) the oxyge
concentration, (4) the concentration of moistu
and other vapors in the air, (5) the type a
extent of alloying, and (6) the presence of
protective oxide layer on the metal surfac
(DOE 1994d).  Factors 1 and 2 are maximiz
under the conditions hypothesized; indeed, t
plutonium would initially be far above the
ignition temperature (i.e., 2,000°F [1,093°C] a
release versus the ignition temperature of 914
to 932°F [490 to 500°C]).  Factor 3 is essentia
unlimited because oxygen in the air would b
replenished from outside the kiva.  Factor 6 
not applicable because the plutonium is in
liquid form.  The source term from this
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configuration could be significantly higher than
calculated above.

Consequences of RAD–13 for Facility 
Workers and the Public

Consequences for facility workers and the
public are discussed separately.  The Kiva #3
control room is located 669 feet (204 meters)
from the kiva (LANL 1996f).  The walls of the
control room are such that 40 percent
attenuation of gamma doses from the outside is
accomplished (LANL 1996f).  In the event of an
accident, ventilation systems for the control
building (TA–18–30) would be secured.  Air
exchange with the outside would be a function
of wind loading and diffusion in and around
wall and ceiling penetrations (LANL 1996f).
However, the ventilation system for the control
building is not protected by HEPA filters
(LANL 1996f).

No acute fatalities are predicted to result from
the postulated accident.  The mean collective
population dose is projected to total 160 person-
rem (TEDE), resulting in 0.082 excess LCFs.
The public consequences for RAD–13 are
provided in Table G.5.6.13–1, which
summarizes the modeling results for RAD–13.
Mean projected doses for MEIs (and their
associated locations) and ground contamination
levels are presented in Tables G.5.6.13–2 and
G.5.6.13–3, respectively.  

G.5.6.14 RAD–14, Plutonium Release 
Due to Ion-Exchange 
Column Thermal Excursion

General Scenario Description  

This accident scenario involves the release of
plutonium through the building ventilation
systems during a process event.  In TA–55, ion
exchange columns, inside of gloveboxes, are
used to separate out different plutonium
compounds.  As plutonium nitrate solutions are
introduced into these columns, an abnormal

increase in temperature is possible.  Th
temperature rise could be due to degraded re
greater reactivity of the solution with th
column resin, or even a  limited glovebox fire.

For the accident to proceed, the column mu
rupture due to a pressure build up caused by 
temperature rise.  Aerosolized plutonium nitra
could then enter the glovebox and be drawn in
the glovebox ventilation system.  For an
release of material into the building ventilatio
systems, the glovebox HEPA filter system
would have to fail.   For the material to reach th
environment, the building HEPA filters would
also have to fail.  This scenario has a probabil
that is extremely low.  The probability is low
enough to be deemed incredible even though
initiating event is considered possible.

The accident would have to start from som
initiating event such as:  (1) inadverten
introduction of a high temperature solutio
causing the resins to decompose; (2) inadvert
introduction of impurities in the feed stock, suc
as strong oxidants; and (3) inadverte
introduction of high concentrations of nitric
acid.  Each of these situations, could set up
reaction in the column that quickly heats th
material in the column, possibly leading to a
ion-exchange column overpressurization.   

Because such situations have occurred, LAN
uses resins that are resistive to degradation.  
vinyl pyridine polymers used in the ion
exchange columns are significantly mor
resistant than resins incorporating a polymer
polystyrene and divinyl benzene.  These res
have a marked improvement in stability fo
conditions of high temperature, concentrat
nitric acid exposure and for conditions of hig
radiation.  Progressive resin deterioration can
detected by decreased resin exchange capa
and the appearance of bead fragments in 
effluent.  The resins generally are replac
before they become seriously degraded.  Ev
with these precautions, however, problems w
resins are known to occur. 
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TABLE  G.5.6.13–1.—Summary Results for Scenario RAD–13

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 1.6 x 10-5 Bounding, 6 grams of weapons-grade plutonium initial release, 0.6 grams of 
weapons-grade plutonium in suspension release over 24 hours; integrated 

population exposure of 160 person-rem, 0.08 excess LCFs.

Expanded Operations 1.6 x 10-5 Same as No Action Alternative.

Reduced Operations 1.6 x 10-5 Same as No Action Alternative.

Greener 1.6 x 10-5 Same as No Action Alternative.

TABLE  G.5.6.13–2.—Predicted Mean Doses to MEIs for Scenario RAD–13

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest Public Access:  Pajarito Road (30 m)a 1.2 x 102

Operations Boundary (TA–18 SAR):  (200 m) 2.3 x 101

Site Boundary (TA–18 SAR):  San Ildefonso Pueblo boundary (1,000 m) 1.8 x 100

Special Population Distance:  Mortandad Cave (2,900 m) 2.7 x 10-1

Receptor Distance (T–18 SAR):  Population center (4,400 m) 1.2 x 10-1

Special Population Distance:  San Ildefonso Pueblo  (14,600 m) 1.2 x 10-2

a Approximated at 50 m.

TABLE  G.5.6.13–3.—Predicted Mean Ground Contamination Levels for Scenario RAD–13

RADIAL DISTANCE PLUTONIUM-239 GROUND CONCENTRATION (BQ/m 2)

0.0 to 1.0 km 2.6 x 104

1.0 to 2.0 km 3.5 x 103

2.0 to 3.0 km 1.4 x 103

3.0 to 4.0 km 7.1 x 102

4.0 to 8.0 km 2.5 x 102

8.0 to 12.0 km 9.4 x 101

12.0 to 20.0 km 3.7 x 101

20.0 to 30.0 km 1.5 x 101

30.0 to 40.0 km 8.3 x 100

40.0 to 60.0 km 4.4 x 100

60.0 to 80.0 km 2.7 x 100

BQ/m2 = Becquerel per square meter
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For the accident to proceed, the pressure must
buildup and cause a column rupture.  Because
the pressure can be relieved by either the
pressure relief valve or through the output line
on the column, both of these components have
to fail.  In other words, the pressure relief valve
does not actuate and the output line on the
column is blocked.

At this point in the progression, an accident has
occurred; but the material is still contained in
the glovebox.  For the material to escape the
glovebox, the  HEPA filter system would have
to fail, allowing material into the building
ventilation system.  For this accident sequence,
the HEPA filter is assumed to be damaged by
the rupture of the ion-exchange column.
Material is then transported by the ventilation
system to the building HEPA filters.  Again, for
this material to escape the building, the multi-
staged HEPA filters on the building would have
to fail.  The material would now be available for
atmospheric transport from the south exhaust
stack.

This accident progression is used to estimate the
frequency of the event.  Because there are a
number of barriers that must fail, the calculated
accident frequency is below the screening
criteria cutoffs for  credible accidents.  The
accident has been retained, however, to
illustrate the nature of defense-in-depth and
how it is used to reduce the frequency and
consequences of possible plutonium releases at
TA–55.

Comparison of Accident Analysis in the Pit 
Disassembly and Conversion Demonstration 
Environmental Assessment and This SWEIS

DOE is preparing an EA (DOE 1998) to
examine the environmental impacts of the
proposed development and demonstration of an
integrated pit disassembly and conversion
process for fissile material disposition.  The
hazard analysis, used for this EA first
considered a baseline of public impacts given
the hypothetical case where no controls exist for

the operation.  This evaluation determined th
without controls the impacts to the MEI ar
below the DOE evaluation guidelines.  Th
hazard analysis further quantified the expect
consequences to the public, given that t
building is designed to provide containment 
hazardous material in the event of an accide
Given these controls, the dose to the MEI w
reduced to 3 x 10-8 rem and the frequency o
occurrence was reduced from 10-3 to 10-5.   

Although the consequence and frequen
numbers in the EA are slightly higher than tho
given for this accident, i.e., in the ion-exchang
column thermal excursion, the risks from the p
disassembly and conversion process a
considered to fall within the envelop a
established by this SWEIS.  Additional contro
barriers, other than those outlined in the E
exist to further reduce the frequency of a
initiating event and to reduce the frequency 
an event with public impacts to below the 10-6

screening criteria.  The consequences for 
unconfined release of plutonium are similar an
when taking credit for HEPA filtration, the
doses become very low.  Doses in this ran
(considering filtration) could not be
distinguished from background doses.  Overa
for process events, the risks from this operati
would be dominated by the risks of a fire for th
CMR Building.

The characterization of risk at LANL, a
presented by the set of accidents in th
appendix is appropriate, given consideration 
the EA analysis.  When considering the accide
risk associated with the pit disassembly a
conversion process for fissile materia
disposition, the risk profile for LANL (as
presented for each alternative) would n
change.  The SWEIS risk characterization 
more realistic because it includes oth
processes implemented through adherence
DOE safety programs, including the defense-
depth policy.
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No Action Alternative Frequency Analysis

Table G.5.6.14–1 associates the accident
progression, as discussed above, with either a
frequency of occurrence or a rate of failure.  The
terms in the table are explained in subsequent
sections.

Initiator

There are several types of events that could
cause a column overpressurization or rupture.
Unfortunately, it is difficult to quantify the
initiating event likelihood and therefore the
likelihood of the overall accident.  A search was
done for recorded cases of column
overpressurizations or ruptures.  This search did
not find any cited incidents.  To put a bound on
this initiator frequency, the ORPS database,
where such incidents are systematically
cataloged, was used.  The last 5 years of data
was considered representative of the likely
initiators at LANL.  No ion-exchange column
overpressurization or rupture were reported in
the last 5 years.  Given that LANL is operated
for approximately 260 days per year, the
frequency of occurrence is less than 1 event in
1,300 days, or a rate of  less than 8 x 10-4 per
day.  Because there are essentially 260 operating
days per year, the annual frequency for a
column rupture is 0.2 per year (260 operating
days per year x 8 x 10-4 per day).   This number,
although very conservative, was used as the
likelihood that precursors exist for these process
type accidents.  Precursors would include
having contaminants in the solutions, degraded
resins, etc.

Human Error Probability 

Missed Procedural Step.  Procedures are used
to ensure that the setups are correct and
materials introduced into the process meet the
specified criteria, such as concentrations for
solutions, etc.  If one of these steps is omitted,
then the initiating event can progress into an
accident (e.g., overpressurization of an ion-
exchange column).  Generally, it takes more

than one step to be missed or improperly done
order for an accident to progress; but, in th
case it is assumed that the omission of one s
such as a quality control step for measuring t
concentration of feed material, occurs and c
contribute to the overpressurization eve
occurring.  The probability for omitting a step i
a procedure is generally from 3 x 10-4 to
3 x 10-3 per demand (Mahn et al. 1995
Therefore, the midpoint of 1.7 x 10-3 per
demand is used in this analysis.

Missed Procedural Check.  Because the setup
and the processes are governed by procedu
checks are also made by operations staff 
ensure that each step has been followed.  T
failure of an operations staff member to dete
such an omission is 0.1 per demand (Swain a
Guttmann 1983).

Process Controls

Blocked Output Line.  Pressure can bleed ou
of the ion-exchange column through the outp
line.  However, it has been assumed that t
output line, under this condition, can easi
become blocked.  Therefore, the probability 
this line failing to relieve overpressurization i
assumed to be 1.0, a very conservati
assumption.

Relief Valve Failure.  Based on industry
experience, the failure rate for relief valves 
from 1.4 x 10-5 to 3.6 x 10-5 per demand
(NRC 1998, Table III 2-3).  Again, the midpoin
value of 2.5 x 10-5 was selected for this analysis

HEPA Filter (Glovebox).  The glovebox has a
HEPA filter to contain any material that coul
become aerosolized in the glovebox.  Althoug
the overpressurization and subsequent rupt
of a column is not expected to damage t
glovebox.  This analysis conservativel
assumes that the HEPA filter fails, and th
probability is set to 1.0
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Building Controls 

HEPA System.  For TA–55, filtration consists
of a three-stage HEPA filter system located on
the outside of the facility.   Any incident inside
of the facility, such as an ion-exchange column
rupture, would not damage the HEPA filters or
the ventilation system.  Therefore, for the HEPA
filters to fail, at the same time this accident
occurs, is an independent event.  

LANL data from 1990 to 1994 (LANL 1990b,
LANL 1991b, LANL 1994c, LANL 1994d, and
LANL 1995h) looked at the failure rates of
HEPA filters.  When the failure rate of a two-
stage HEPA filter system was considered
(LANL 1996k), the failure probability for a
single HEPA stage was 5 percent.   For three
stages of filters to fail, the failure probability is
1.3 x 10-4.

However, the HEPA filters on TA–55 are
monitored to make sure they are functioning
properly.  The difference in pressure across the
filter banks is monitored.  An alarm sounds if
the proper pressure drops are not being
maintained.  Also, the sensor is covered by a
preventive maintenance program and
administrative procedures.  Given these
conditions, the probability of the sensor failing
is 5 x 10-3 (Mahn et al. 1995).

HEPA System Human Error Probability.
Given that the HEPA systems are monitored a
action is required to make sure the HEPA filte
are operating properly, it is always possible f
operators to fail to respond.   The Huma
Reliability Handbook identifies a basic HEP fo
these circumstances as 0.025 per dema
(Swain and Guttmann 1983).  A shif
supervisory function would also be staffed an
would be expected to respond if the opera
does not.  The HEP for this function is 0.
(Swain and Guttmann 1983).  The total HEP f
HHVAC is 0.025 x 0.1, or 2.5 x 10-3 per demand.
If this probability is coupled with the probability
that the HEPA filters could fail, the probability
that the building would be operating withou
containment is 1.6 x 10-10. 

Facility Containment.  If the ventilation
system fails (i.e., the fans fail), during th
rupture of the ion-exchange column, th
negative pressure is not maintained between 
room and the glovebox and between th
laboratory and the environment.  Under the
conditions, the building is said to go into 
breathing mode and unfiltered air can b
exchanged between the building and the outs
air.  However, because there is nothing keep
the material airborne or drawing it outdoor
very little material can escape.

For the building to go into a breathing mode, th
power to the fans would have to fail and th
back-up diesel generator would have to fail als
The annual rate for loss of power is 0.04 p
year according to the Western System
Coordination Council (Oswald et al. 1982).  

HEPA System Summary

• 1st stage HEPA filter failure:  0.05 per 
demand

• 2nd stage HEPA filter failure:  0.05 per 
demand

• 3rd stage HEPA filter failure:  0.05 per 
demand

• Monitoring instrumentation failure:  
5 x 10-3 per demand

• Failure of three-stage HEPA filter system:  
6.3 x 10-7 per demand Facility Containment

• Probability of loss of power:  1.5 x 10-4

• Probability of diesel generator failure:  
0.03

• Common mode beta factor:  0.1
• Probability of ventilation system failure:  

4.5 x 10-7
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typical beta factor for common mode failures is
0.1 (Fleming et al. 1985). 

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

This accident covers the generic operation of
TA–55 for process type events.  No increase or
decrease in the level of activity associated with
the accident frequency is anticipated for any of
the other alternatives. 

No Action Alternative Source and  
Suspension Term Calculations

Source Term with Operational HEPA and
HVAC Systems.  Table G.5.6.14–2
summarizes the results of the source term
calculations.  The derivation of these numbers is
described in the following sections. 

When the accident occurs, plutonium is either in
the form of plutonium nitrate in solution or it
has adhered to the column resin.  When the
column ruptures, the plutonium can be
aerosolized either by the flashing of the solution
or by the burning of the resin bed.  Because
these represent two different mechanisms for
plutonium release from the ion-column rupture,
the two source terms are tracked separately. 

Material-at-Risk.  For the solution, MAR equals
246 grams in the form of plutonium nitrate.  The
maximum concentration of the solution is
100 grams per liter.  The volume of the column
is 2.46 liters; therefore, the MAR is 246 grams
of weapons-grade plutonium  in solution as
plutonium nitrate. 

For the column, the maximum capacity of th
resin is 1,000 grams of weapons-grad
plutonium (LANL 1996k).  Although the
plutonium on the resin is not in oxide form,  th
plutonium released during the accident 
assumed to be oxidized due to the hig
temperatures associated with the burning of t
column resins.  The oxide designation is us
here for tracking purposes only.

Damage Ratio.  For flashing of the solution, DR
is assumed to be 1.0.  All the material in th
solution is considered to be involved in th
accident.

Although the resins have remained stable un
high temperature and exposure to radiation, 
percent of the resin in the column is assumed
burn or degrade due to the high temperatur
This assumption is a conservative estimate
the material on the column that can be releas
during the accident. 

TABLE  G.5.6.14–2.—Source Term with Operational HEPA and HVAC Systems

MATERIAL SOURCE MAR DR ARF RF LPF SOURCE TERM

Plutonium Nitrate 246 g 1.0 0.01 0.6 8 x 10-9 1.2 x 10-8 g

Plutonium Oxide 1,000 g 0.1 0.01 1.0 8 x 10-9 7.2 x 10-9 g

Material-at-Risk

• Material Source:  Plutonium Nitrate
• MAR = 246 g
• Material Source:  Plutonium Oxide
• MAR = 1,000 g

Damage Ratio

• Material Source:  Plutonium Nitrate
• DR = 1.0
• Material Source:  Plutonium Oxide
• DR = 0.1
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Airborne Release Fraction and Respirable
Fraction.  For the solution, the bounding values
were for a flashing spray from relatively low
energy liquids.  The liquids had temperatures
greater than the boiling point but less than
122°F (50°C) superheat.  Therefore, the values
for the ARF and RF are 0.01 and 0.6,
respectively (DOE 1994d). 

In the TA–55 SAR (LANL 1996k), the product
of the ARF x RF is given as 0.009.  This product
is consistent with the highest measured ARF of
0.0078, with an RF of 0.9, for the burning of
contaminated polystyrene and ion-exchange
resin (DOE 1994d).  Therefore, an ARF x RF of
0.009 was used in this analysis.

Leak Path Factor.  For this case, the material
escapes into the ventilation system and is
filtered through a three-stage HEPA filter.  The
filteration factor is 8 x 10-9 (LANL1996k). 

Suspension Term with Operational HEPA
and HVAC Systems.  Table G.5.6.14–3
summarizes the results of the suspension term
calculations.  The amount of suspended material
is based on the type of accident and resulting
dispersal mechanisms after the accident.  For

this case, the HEPA filters and ventilatio
systems are assumed to be operational.  Eac
the terms is explained in the following section

Material-at-Risk.  Because very little materia
escapes to the environment, the amount 
material assumed to remain at the site for furth
dispersal is the same as the original MAR.  

Damage Ratio.  In both instances, the sam
fraction of material is considered available fo
further dispersal as was available for th
original accident.  All the material in solution i
considered available.  Plutonium that was n
released from the resin bed initially is still no
considered available; therefore, the DR 
10 percent, or 0.1.  

Airborne Release Rate, Release Period, a
Respirable Fraction.  For the solution, the
suspended material is assumed to come from
liquid on a heterogeneous surface (stainle
steel, concrete) exposed to low air speeds up

Airborne Release Fraction (ARF) and 
Respirable Fraction (RF)

• Material Source:  Plutonium Nitrate
— ARF = 0.01
— RF = 0.6

• Material Source:  Plutonium Oxide
— ARF = 0.01
— RF = 0.9

Leak Path Factor (LPF)

• Material Source:  Plutonium Nitrate
— LPF = 8 x 10-9

• Material Source:  Plutonium Oxide
— LPF = 8 x 10-9

TABLE  G.5.6.14–3.—Suspension Term with Operational HEPA and HVAC Systems

MATERIAL 
SOURCE

MAR DR ARR
RELEASE 
PERIOD

RF LPF
SUSPENSION 

TERM

Plutonium 
Nitrate

246 g 1.0 4 x 10-7/hr 24 hrs 1.0 4 x 10-9 1.9 x 10-11 g

Plutonium 
Oxide

1,000 g 0.1 4 x 10-5/hr 24 hrs 1.0 4 x 10-9 7.7 x 10-10 g

Material-at-Risk

• Material Source:  Plutonium Nitrate
— MAR = 246 g

• Material Source:  Plutonium Oxide
— MAR = 1,000 g
G–226
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normal facility ventilation flow (DOE 1994d).
These values are bounding values for the type of
suspension that could have been considered.
Thus, the ARR and RF selected were 4 x 10-7

and 1.0, respectively.  Although, the release
period is assumed to be 24 hours, this is
considered a very conservative value given the
limited extent of the accident.  

For the plutonium released from the resin bed, it
is assumed that the material was deposited out
on material in the glovebox.  The values
selected for the ARR and RF, 4 x 10-5 and 1.0,
were for surface contamination from
combustible solids under ambient conditions
(DOE 1994d).  Again these values along with
the release period of 24 hours were bounding
given this type of accident.

Leak Path Factor.  The HEPA filters and the
ventilation system is assumed to be operating
after the accident for this scenario.  Thus, the
filteration efficiency for the three-stage HEPA
filters is used in this case, and very little of the
material can escape.  

Source Term with Failed HEPA Filters and
Operational HVAC Systems.  Table
G.5.6.14–4 summarizes the results of the sou
term calculations.  The values are the same 
the accident with operational HEPA and HVAC
systems, except for LPF.  Therefore, only LPF
discussed below.

Leak Path Factor.  For this case the HEPA
filters are assumed to fail, but the ventilatio
system is operating.  Material is drawn into th
ventilation system and released out the sou
stack of the building.  No credit is assume
either for settling or deposition in the ductwork
etc.; therefore, the LPF is 1.0. 

Suspension Term with Failed HEPA Filters
and Operational HVAC System.  Table
G.5.6.14–5 summarizes the results of t
suspension term calculations.  The mater
suspended is based on the type of accident 
resulting dispersal mechanisms after th
accident.  For this case, the HEPA filters ha
failed but the fans are assumed to 
operational.  These terms are identical to t
case where the HEPA filters have not faile
except for MAR and LPF.  Therefore, onl
MAR and LPF are discussed below. 

Material-at-Risk.  The amount of material
remaining at the site is assumed to be the ini

Damage Ratio

• Material Source:  Plutonium Nitrate
— DR = 1.0

• Material Source:  Plutonium Oxide
— DR = 0.1

Airborne Release Rate, Release Period, and 
Respirable Fraction

• Material Source:  Plutonium Nitrate
— ARR = 4 x 10-7 per hour
— Release Period = 24 hours
— RF = 1.0

• Material Source:  Plutonium Oxide
— ARR = 4 x 10-5 per hour
— Release Period = 24 hours
— RF = 1.0

Leak Path Factor

• Material Source:  Plutonium Nitrate
— LPF = 8 x 10-9

• Material Source:  Plutonium Oxide
— LPF = 8 x 10-9

Leak Path Factor

• Material Source:  Plutonium Nitrate
— LPF = 1.0

• Material Source:  Plutonium Oxide
— LPF = 1.0
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TABLE  G.5.6.14–4.—Source Term with Failed HEPA Filters and Operational HVAC Systems

MATERIAL SOURCE MAR DR ARF RF LPF SOURCE TERM

Plutonium Nitrate 246 g 1.0 0.01 0.6 1.0 1.5 g

Plutonium Oxide 1,000 g 0.1 0.01 0.9 1.0 1.0 g

TABLE  G.5.6.14–5.—Suspension Term with Failed HEPA Filters and Operational HVAC Systems

MATERIAL 
SOURCE

MAR DR ARR
RELEASE 
PERIOD

RF LPF
SUSPENSION 

TERM

Plutonium 
Nitrate

244.5 g 1.0 4 x 10-7/hr 24 hrs 1.0 1.0 0.0023 g

Plutonium 
Oxide

999.2 g 0.1 4 x 10-5/hr 24 hrs 0.9 1.0 0.096 g



Accident Analysis

ere

he
ial
and
e

ve
e

PA
le
 is
R.

a
sed

of
ic
ent

cy
d
.

MAR, minus the amount that was released for
atmospheric transport.  

Leak Path Factor.  For this case, the HEPA
filters are assumed to fail but the ventilation
system is operating.  Material is drawn into the
ventilation system and released out the south
stack of the building.  No credit is assumed
either for settling or deposition in the ductwork,
etc.  The LPF is taken as 1.0.  

Source Term with Failed HVAC Fans and
Operational HEPA Filters.  Table G.5.6.14–6
summarizes the results of the source term
calculations.  The accident progression is the
same except that, in this case, the HEPA filters
remain in tact but the fans, drawing material
through the ventilation systems, fail.  The only
way to get material out of the building is
through exchange of air with the atmosphere,
such as entering or exiting the building.  Thus,
the only term that is discussed below is LPF.

Leak Path Factor.  This LPF is for a building in
a breathing mode, but with a strong temperature
difference between the facility and the
environment.  This value is generally associated
with a fire.  Although a fire is not part of this

accident progression, the value will be used h
as a conservative number.   

Suspension Term with Failed HVAC Fans
and Operational HEPA Filters.
Table G.5.6.14–7 summarizes the results of t
suspension term calculations.  The mater
suspended is based on the type of accident 
resulting dispersal mechanisms after th
accident.  For this case, the HVAC fans ha
failed but the HEPA filters remain intact.  Thes
terms are identical to the case where the HE
filters failed, except for LPF.  Because so litt
material is released during the accident, MAR
considered the same as the source term MA
Therefore, only LPF is discussed below. 

Leak Path Factor.  The value will be used as 
conservative number and is the same LPF u
in the determination of the source term. 

Summary of Source and Suspension Terms.
Table G.5.6.14–8 summarizes the amount 
material that is available for atmospher
transport.  Each case represents a differ
failure mechanism for the building HEPA
filtration systems.  

Consequences for Facility Workers.  All
facility operations personnel receive emergen
preparedness training specific to the facility an
for procedures applicable to the entire LANL

Material-at-Risk

• Material Source:  Plutonium Nitrate
— MAR = 246 g
— Dispersed MAR = 1.5 g
— Suspension MAR = 244.5 g

• Material Source:  Plutonium Oxide
— MAR = 1,000 g
— Dispersed MAR = 0.81 g
— Suspension MAR = 999.2 g

Leak Path Factor

• Material Source:  Plutonium Nitrate
— LPF = 1.0

• Material Source:  Plutonium Oxide
— LPF = 1.0

Leak Path Factor

• Material Source:  Plutonium Nitrate
— LPF = 0.011

• Material Source:  Plutonium Oxide
— LPF = 0.011

Leak Path Factor

• Material Source:  Plutonium Nitrate
— LPF = 0.011

• Material Source:  Plutonium Oxide
— LPF = 0.011
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TABLE  G.5.6.14–6.—Source Term with Failed HVAC Fans and Operational HEPA Filters

MATERIAL SOURCE MAR DR ARF RF LPF SOURCE TERM

Plutonium Nitrate 246 g 1.0 .01 0.6 0.011 0.016

Plutonium Oxide 1,000 g 0.1 0.9 1.0 0.011 0.01

TABLE  G.5.6.14–7.—Suspension Term with Failed HVAC Fans and Operational HEPA Filters

MATERIAL 
SOURCE

MAR DR ARR
RELEASE 
PERIOD

RF LPF
SUSPENSION 

TERM

Plutonium 
Nitrate

246 g 1.0 4 x 10-7/hr 24 hrs 1.0 0.011 2.6 x 10-5

Plutonium 
Oxide

1,000 g 0.1 4 x 10-5/hr 24 hrs 1.0 0.011 1.1 x 10-3

TABLE  G.5.6.14–8.—Summary of Material Available for Atmospheric Transport

SCENARIO MATERIAL TYPE SOURCE TERM SUSPENSION TERM TOTAL

Filtration Systems 
Operating

Plutonium Nitrate 1.2 x 10-8 g 1.9 x 10-11 g 1.2 x 10-8 g

Plutonium Oxide 7.2 x 10-9 g 7.7 x 10-10 g 8.0 x 10-9 g

Total 2.0 x 10-8 g

HEPAs Failed Plutonium Nitrate 1.5 g 0.0023 g 1.5 g

Plutonium Oxide 0.81 g 0.096 g 0.9 g

Total 2.4 g

HVAC Failed Plutonium Nitrate 0.016 g 2.6 x 10-5 g 0.016 g

Plutonium Oxide 0.011 g 0.0011 g 0.12 g

Total 0.14 g
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The Emergency Action Plan directs personnel
to move as quickly as possible away from any
hazardous situation and to make appropriate
notifications to the EM&R Office as soon as
they are safely away from the hazard.  Once
notified, the EM&R Office assumes all
elements of emergency response and
coordination.

Breach of the ion-exchange column may
include breach of adjacent vessels, breach of the
glovebox exhaust filter, and damage to one or
more gloves and/or loss of a window in the
proximity of the affected column.  The
dissipation of the pressure surge through the
glovebox line and the glovebox ventilation
exhaust is such that no damage to the glovebox
exhaust filter plenums would occur.  If an
operations technician is involved in glovebox
work at the time of the postulated accident,
severe injury is possible.  The worker would be
exposed to some glass shrapnel (protected, for
the most part, by the shielding screen on the
column) and to the forcibly ejected nitric acid/
plutonium nitrate solution (LANL 1996k).

No fatalities have been associated with ion-
exchange resin explosions in nuclear
applications.  One medical disability resulted
from the Hanford cation exchange column
incident.

The airborne plutonium concentration in the
room will be a function of the volume of gas
generated by the column rupture, the degree of
mixing in the glovebox, the level of damage to
the glovebox, and the resultant volume of gas
released to the room.  Worker exposure is
dependent on worker proximity to a potential
glovebox breach and the residence time in the
aerosol cloud.  If glovebox confinement is
breached, the room’s continuous air monitor
would detect the release of radioactive material
to the room and provide both local and TA–55
Operation Center alarm of the incident.

Consequences for the Public.  MACCS was
used to determine the doses for the integrated

populations.  There is only one scenario whe
the HEPA filters failed and the fans continued 
draw material through the ventilation system
Therefore, the atmospheric transport w
modeled as an elevated release for both 
initial release and the suspension relea
Further discussions of atmospheric modelin
can be found in section G.2.4.

As a point of comparison, the results of th
MACCS runs were ratioed by the amount 
material released in the other cases.  Thus, 
dose of each scenario can be compar
(Table G.5.6.14–9). 

From these results, no additional excess fa
cancers are anticipated from this event.  Any
these results are well within the variations 
measuring cancer fatalities within a populatio
group.

The results of the analysis are summarized
Table G.5.6.14–10.  No acute fatalities a
predicted to result from the postulated accide
The mean collective population dose 
projected to total 130 person-rem (TEDE
resulting in 0.063 excess fatal cancers.  Me
projected doses for MEIs (and their associat
locations) and ground contamination levels a
presented in Tables G.5.6.14–11 an
G.5.6.14–12.  Note that the MEIs are given on
for the highest consequence result, but t
resultant doses would be lower than tho
presented.

Deposition Profile.  This result is given only for
the scenario with the highest consequences.  
the other cases the result is expected to be le

G.5.6.15 RAD–15, Plutonium Release
from Laboratory and Wing 
Fires at CMR

General Scenario Description

The accident scenario discussed in RAD–15
for a general process-initiated fire at the CM
G–231



G–232

LANL SWEIS

TABLE  G.5.6.14–9.—A Result Comparison of the MACCS Runs

TOTAL MATERIAL 
RELEASED

INTEGRATED 
POPULATION DOSE 

(PERSON-REM)

EXCESS FATAL 
CANCERS

Release with Filtration System Operating 2.0 x 10-8 g 1.0 x 10-6 5 x 10-10

Release with HEPA Failed 2.4 g 130 0.06

Release with HVAC Failed 0.14 g 7.0 0.0035

TABLE  G.5.6.14–10.—Summary Results for RAD–14

ALTERNATIVE SCENARIO
ACCIDENT 

FREQUENCY 
(EVENT/YR)

INTEGRATED 
POPULATION 

EXPOSURE 
(PERSON-REM)

EXCESS 
FATAL 

CANCERS

No Action Release with Operational 
Filtration System

8.5 x 10-10 1.0 x 10-6 5 x 10-10

Release with HEPAs Failed 5.6 x 10-16 130 0.06

Release with HVAC Failed 3.8 x 10-16 7.0 0.0035

Expanded Operations No Change No Change No Change No Change

Reduced Operations No Change No Change No Change No Change

Greener No Change No Change No Change No Change

TABLE  G.5.6.14–11.—Predicted Mean Doses to MEIs for Scenario RAD–14

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION
OPERATIONAL 

HEPAs DOSE
DOSE FAILED 

HEPA
DOSE FAILED 

HVAC

Closest Public Access:  Pajarito Road (50 m) 3.4 x 10-9 4.1 x 10-1 0.024

Closest Residence:  Royal Crest Trailer Park (900 m) 2.4 x 10-9 2.9 x 10-1 0.017

Special Population Distance:  Los Alamos Hospital (1,200 m) 1.6 x 10-9 2.0 x 10-1 0.012

Special Population Distance:  San Ildefonso Pueblo boundary 
(3,900 m)

2.2 x 10-10 2.7 x 10-2 0.0015

Special Population Distance:  San Ildefonso Pueblo (17,000 m) 1.4 x 10-11 1.7 x 10-3 1.2 x 10-6
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Building.  The fire is postulated to start in a
laboratory that in the future may house a
plutonium hydride-dehydride process.  A
variation of the scenario in which the fire
develops into a wing-wide fire is also analyzed.  

The plutonium hydride-dehydride process was
developed from a small-scale experimental
setup located at TA–55–4.  This experiment was
used to determine the rates of reaction and other
physical parameters that were necessary for a
feasibility study as well as the design of the
hydride-dehydride process.  In the future, the
process may involve up to 4.5 kilograms of
plutonium, and so was selected for analysis.

The fire is assumed to start from any one of a
number of possible initiators.  The fire is not put
out either by personnel in the laboratory with
manual fire extinguishers or by the laboratory
automatic fire suppression systems.
Furthermore, doors to the laboratory are left
open allowing aerosolized plutonium to get into

the corridor of the wing.  Finally, emergenc
doors are used by personnel to exit the CM
Building, creating a pathway for aerosolize
plutonium to escape the building.

In the future, this hydride-dehydride proces
may be located at both TA–55–4 and at t
CMR Building.  This scenario at TA–55–4 i
not considered because the dehydride-hydr
process itself is not considered a potential fi
initiator due to current design features, whic
are listed in the preconceptual design rep
(LANL 1996q).  Secondly, the fire history a
TA–55–4 does not support a general fi
scenario, given the defense-in-depth buildin
features (such as fire barriers and HEPA filter
and the process designs (such as proc
monitoring and limited combustible material). 

No Action Alternative Frequency Analysis

The frequencies above are derived in t
subsequent subsections.

Fire Initiators

No specific initiator is used for this acciden
sequence.  Instead, fires are taken to occur 
rate of approximately one per year.  Th
frequency is based on a review of the number
CMR incident reports found in the ORP
database.  There were three reported f
incidents in the 5 years.

TABLE  G.5.6.14–12.—Predicted Mean Ground 
Contamination Levels for Scenario RAD–14

RADIAL DISTANCE

PLUTONIUM-239 
GROUND 

CONCENTRATION 
(BQ/m2)

0.0 to 1.0 km 2.1 x 103

1.0 to 2.0 km 5.8 x 102

2.0 to 3.0 km 2.5 x 102

3.0 to 4.0 km 1.4 x 102

4.0 to 8.0 km 5.7 x 101

8.0 to 12.0 km 2.1 x 101

12.0 to 20.0 km 8.4 x 100

20.0 to 30.0 km 2.9 x 100

30.0 to 40.0 km 1.4 x 100

40.0 to 60.0 km 7.1 x 10-1

60.0 to 80.0 km 3.8 x 10-1

BQ/m2 = Becquerel per square meter

No Action Alternative Frequency Analysis

• CMR Scenario:  Laboratory Fire
— Fire Frequency = 4.0 x 10-3

— Plutonium Release Frequency = 3.6 x 10-5

• CMR Scenario:  Wing-Wide Fire
— Fire Frequency = 3.5 x 10-5

— Plutonium Release Frequency = 3.2 x 10-5
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Fire Frequency 

Damage to the plutonium is possible only if fire
suppression fails.  Fire suppression includes
actions by personnel in the laboratory as well as
automatic fire suppression systems.  Therefore,
the frequency of a laboratory fire is the product
of the frequency of fire incidents and the
probability that successive fire suppression
systems will fail.  If either of these barriers
succeed, the result is a fire that does not release
radioactive material.  

Operating history for industry indicates that
about 90 percent of fires are manually
extinguished.  The same probability for the
manual suppression of  fires is used for accident
analysis at the CMR Building (LANL 1997a).
Thus, the second term is given as 0.1.  The third
term is taken from the probability of failure of
the fire suppression system at TA–55
(SNL 1990).  

For a wing-wide fire, there must first be a
laboratory fire, and then a failure of the
laboratory fire barriers.  The fire barriers are the
walls and doors of the laboratory.  The
frequency of a wing-wide fire is therefore
estimated to be 3.5 x 10-5 per year.  If the walls
and doors contain the fire, no wing-wide fire
occurs. 

The fire door is a Type 1 barrier with a failure
rate of 0.0074 per demand.  The walls are a Type
3 barrier with a failure rate of  0.0012.  Because
either the door or walls could fail and therefore
permit the fire to propagate into the wing, the

sum of these terms, 0.0086, is the probability
fire barrier will fail.

Failure of Containment and Release of  
Plutonium

Laboratory Fire.   For the laboratory fire, in
order for a substantial quantity of material to b
released to the environment, the material m
have a direct exit to the environment.  If th
material escape path is through the HEPA filte
that filter exhaust air from the laboratory, o
through those HEPA filters that separate
process exhaust air from the wing, the mater
will be essentially contained on the filters. Th
failure rate of HEPA filters is approximately
1.3 x 10-5.  Thus, the combination of a fire an
HEPA filter failure (3.5 x 10-5 per year x
1.3 x 10-5) is not a reasonably foreseeab
event.  

Other means of allowing material to escape 
the environment include creating openings in
the laboratory that allow material to escape.  F
the laboratory fire, this includes leaving doo
open or allowing material to escape throug
openings in the doors.  In addition, because 
laboratories are contained within the wing, 
second opening from the wing to the outsid
must be created, such as by leaving 
emergency exit open.  That is, the material mu
escape a laboratory into the wing, and th
escape the wing into the outdoors.  The joi
probability of a release is illustrated as follows

Fire Frequency

• Frequency of fire incidents at CMR 1 per 
year

• Probability of manual suppression failure:  
0.1 per event

• Probability of automatic suppression 
failure:  0.04 per event

• Frequency of laboratory fires at CMR 
4 x 10-3 per year

Fire Frequency (Wing Wide)

• Frequency of fire incidents at CMR 1 per 
year

• Probability of manual suppression 
failure:  0.1 per event

• Probability of laboratory automatic 
suppression failure:  0.04 per event

• Probability of laboratory fire barrier 
failure:  0.0086 per demand

• Estimated frequency of wing fires at 
CMR:  3.5 x 10-5 per year
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During a laboratory fire, it is considered quite
probable that doors would be left open to
accommodate personnel exiting the laboratory,
or be opened for fire fighting equipment.  Thus,
the second term is conservatively estimated to
be 0.9.

During a laboratory fire, personnel also may use
wing emergency exits.  The probability that
these doors will not close is only 0.01 (LANL
1997a).

Wing Fire.  For the wing fire, the frequency of
releasing material is the joint frequency of a
wing fire and the loss of confinement of material
by the wing.  This is illustrated as follows:  

During a wing-wide fire it is considered quit
probable that the confinement for the wing w
be lost.  Thus, the second term is determined
be 0.9. 

Expanded Operations, Reduced Operations,
and Greener Alternatives Frequency
Analysis.  The fire frequencies at the CMR
Building remain the same across th
alternatives.  Due to process design features,
introduction of the hydride-dehydride proces
does not change the fire frequency at the CM
Building.

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–15  

The initiating fire frequency selected was that 
all fires.  The fact that these fires require 
significant combustible loading to enable sma
fires to spread to the point of involving an enti
laboratory and then a wing is not addressed.
is a recognized policy, enforced in practice a
procedures, and addressed in worker training
keep unnecessary combustibles out of are
where there is plutonium.

No Action Alternative—Initial Source and
Suspension Term.  Table G.5.6.15–1
summarizes the source term calculations.  T
derivation of these numbers is described in t
following subsections. 

The source terms are derived from
consideration of the total amount of materi
that can be involved in a fire.  Although fires ca
involve lesser amounts of material, th
risk-dominant scenarios are those that dama

Laboratory Fire

• Frequency of laboratory fires at CMR:  
0.0004 per year

• Probability of laboratory containment 
failure:  0.9 per event

• Probability of wing containment failure:  
0.1 per event

• Frequency of plutonium release:  
3.6 x 10-5 per year

Wing Fire

• Frequency of wing fires at CMR:  
3.5 x 10-5 per year

• Probability of wing containment failure  
0.9 per event

• Frequency of plutonium release:  
3.2 x 10-5 per year

TABLE  G.5.6.15–1.—Summary of the Source Term Calculations (No Action Alternative)

SCENARIO MAR DR ARF RF LPF SOURCE TERM

Laboratory Fire 1.0 kg 1.0 0.006 0.01 0.23 0.014 g

Wing Fire 6.0 kg 1.0 0.006 0.01 1.0 0.36 g
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the entire laboratory or wing, with its the entire
material inventory.

Material-at-Risk.  MAR is the administrative
limit for material in a laboratory (i.e.,
1.0 kilogram of plutonium-239 equivalent).  For
the wing, the administrative limit is
6.0 kilogram plutonium-239 equivalent.   

Damage Ratio.  The fire is assumed to damage
the entire inventory. Therefore, the DR is
assumed to be 1.0.  

Airborne Release Fraction and Respirable
Fraction.  The ARF and RF values are taken
from DOE Handbook 3010-94 and are based on
material type, its form, and the nature of the
challenge.  The inventory is considered to be in
a dispersible form.  The ARF and RF values are
selected for powder, even though not all of the
material in the CMR Building is in the form of a
powder.  Other material forms and release
mechanisms could be postulated, and some
combinations could lead to higher values of
ARF and RF.  However, there are no controls in
place at the facility that would control the
inventories of various forms and packaging to
be present.  Also, evaluations of the plutonium
facility fires at the Rocky Flats Plant
demonstrated that the major contributor to
environmental releases during those events was

the tracking of contamination out of the facilit
by the firefighters and other responder
Assuming the material to be in powder form
results in the maximum amount of materi
being  made available for this releas
mechanism.  For a fire, the recommended AR
and RF values are 0.006 and 0.01, respectiv
(DOE 1994d).   

Leak Path Factor.  The laboratory fire does no
establish a direct path to the environmen
Rather, a laboratory fire that does not propag
to involve the wing has an LPF of 0.23.  This 
the highest LPF found from complex modelin
studies for this facility (LANL 1998a).  For the
wing-wide fire, loss of containment for the
building equates to an LPF of 1.0.  

No Action Alternative—Suspension Term.
The suspension term is the amount of mater
subsequently dispersed from the location of t
accident by wind or other disturbances.  Th
amount of material available for suspension
highly dependent on accident response a
clean-up activities.

Table G.5.6.15–2 summarizes the suspens
term results.  It should be noted that if th

Material-at-Risk

• Scenario:  Laboratory Fire
— MAR = 1.0 kg 

• Scenario:  Wing Fire
— MAR = 6.0 kg

Damage Ratio

• Scenario:  Laboratory Fire
— DR = 1.0

• Scenario:  Wing Fire
— DR = 1.0

Airborne Release Fraction and Respirable 
Fraction

• Scenario:  Laboratory Fire
— ARF = 0.006
— RF = 0.01

• Scenario:  Wing Fire
— ARF = 0.006
— RF = 0.01

Leak Path Factor

• Scenario:  Laboratory Fire
— LPF = 0.23 

• Scenario:  Wing Fire
— LPF = 1.0
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building remains intact after a wing fire, or if
prompt clean-up activities are implemented, this
term will be much smaller and could be near
zero.

Material-at-Risk.  The material remaining at the
site is the initial source terms, minus the amount
that was initially dispersed in respirable form.
Because so little of the initial MAR is
transported away from the site by the fire, the
amount that is subject to suspension is the same
as the initial MAR.  

Damage Ratio.  For suspension, the amount of
material damaged was considered to be the
same as the fraction that was damaged in the
fire.  

Airborne Release Rate, Release Period, and
Respirable Fractions.  The ARR and RF

selected correspond to a bed of powder expo
to nominal atmospheric conditions, even thou
this material may remain indoors away from th
wind (DOE 1994d).  The release period 
conservatively assumed to be 24 hours, b
could be shorter depending on when clean-up
begun.   

Leak Path Factor.  For a laboratory fire, the
ventilation and HEPA filters are considered 
be functional. The LPF for HEPA filtration,
4 x 10-9, is therefore used for the laboratory fire
For a wing fire, the large damage assumed 
this event is assumed to produce an LPF of 1

Expanded Operations Alternative—Source
and Suspension Term Calculations.  For the
Expanded Operations Alternative, the hydrid
dehydride process could be located at either 

TABLE  G.5.6.15–2.—Summary of the Suspension Term Calculations (No Action Alternative)

SCENARIO MAR DR ARR
RELEASE 
PERIOD

RF LPF
SUSPENSION 

TERM

Laboratory Fire 1.0 kg 1 0.00004 24 1 4 x 10-9 3.84 x 10-9 g

Wing Fire 6.0 kg 1 0.00004 24 1 1 5.76 g

Material-at-Risk

• Scenario:  Laboratory Fire
— Initial MAR = 1.0 kg 
— Initial Source Term = 0.014 g PE-Ci
— Suspension MAR = 1.0 kg 

• Scenario:  Wing Fire
— Initial MAR = 6.0 kg
— Initial Source Term = 0.36 g PE-Ci
— Suspension MAR = 6.0 kg 

Damage Ratio

• Scenario:  Laboratory Fire
— DR = 1.0

• Scenario:  Wing Fire
— DR = 1.0

Airborne Release Rate, Release Period, and 
Respirable Fractions

• Scenario:  Laboratory Fire
— ARR = 0.00004
— Release Period = 24
— RF = 1

• Scenario:  Wing Fire
— ARR = 0.00004
— Release Period = 24
— RF =1

Leak Path Factor

• Scenario:  Laboratory Fire
— LPF = 4 x 10-9

• Scenario:  Wing Fire
— LPF = 1
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CMR Building or TA–55.  As noted earlier, the
general fire scenario is not reasonably
foreseeable for TA–55.  Therefore, the
laboratory fire is assumed to be located in the
CMR Building.  The material for the hydride-
dehydride process is considered to be in
addition to the material already present in a
CMR laboratory and wing.

Table G.5.6.15–3 summarizes the results of the
source term determination.  Each of the terms is
derived in the following sections.  

Material-at-Risk (Table G.5.6.15–4).  The
hydride-dehydride process is the continuous
processing of plutonium from a solid to a
plutonium hydride and then into a plutonium
powder.  The maximum amount of plutonium
hydride estimated to be in the process is
250 grams.   This material is represented
separately because of its pyrophoric nature.  The
remainder of the material in the laboratory is the
feedstock for the hydride-dehydride process,
4.25 kilograms of plutonium metal
(LANL 1997d).  Although the CMR Building
has an administrative wing limit of 6 kilograms
of plutonium-239 equivalent, for the Expanded
Operations Alternative, the amount of material
associated with the hydride-dehydride process
has been added to the amount currently in a
CMR wing. 

Damage Ratio (Table G.5.6.15–5).  Because the
fire is assumed to involve the entire laboratory,
the damage ratio is 1.0.  Because the wing fire is
assumed to damage the entire wing, the damage
ratio for the material is again assumed to be 1.0.  

Airborne Release Fraction and Respirable
Fraction (Table G.5.6.15–6).  The ARF and RF
values from DOE Handbook 3010-94 are 0.01
and 1.0, respectively, for finely divided
plutonium hydride (DOE 1994d). 

Leak Path Factor (Table G.5.6.15–7).  LPF is
taken as 0.23 for the laboratory fire and 1.0 for
the wing fire (LANL 1998b). 

Expanded Operations Alternative—
Suspension Term.  Table G.5.6.15–8
summarizes the results for the suspension ter

Material-at-Risk (Table G.5.6.15–9).  The
material available for suspension after the fire
considered the initial MAR, minus the
respirable quantity transported off site.  In mo
instances, except for the plutonium hydride, 
little is considered to have be transported aw
that the initial MAR was used for the suspensio
MAR. 

Damage Ratio (Table G.5.6.15–10).  Because o
the fire scenario, all material was considered
be vulnerable to further dispersal.  The dama
ratio is therefore 1.0. 

Airborne Release Rate, Release Period, a
Respirable Fraction (Table G.5.6.15–11).  The
ARF and RF values are 4 x 10-5 per hour and 1.0
(DOE 1994d).  The release period is consider
to be 24 hours.  Prompt clean-up can reduce 
amount considerably. 

Leak Path Factor (Table G.5.6.15–12).  For a
laboratory fire, the ventilation and HEPA filter
are considered to be functional. The LPF f
HEPA filtration is therefore used for the
laboratory fire.  For a wing fire, the large
damage assumed for this event corresponds
an LPF of 1.0. 

Uncertainties and Sensitivities affecting th
Source Term for RAD–15.  The values
calculated above are bounding.  The large
uncertainty in the source term is considered
be the assumption of an LPF of 1.0.  Such
large LPF may be applicable when the structu
has completely failed (i.e., collapsed) or whe
the structure is intact but the HVAC fans a
continuing to run with failed HEPA filters.  A
running ventilation system will pull air into the
building through opened doors.  In thi
conservative analysis, it is assumed that t
HVAC system is failed or bypassed, but th
structure remains intact.  
G–238
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TABLE  G.5.6.15–3.—Summary of the Source Term Calculations (Expanded Operations Alterative)

SCENARIO MATERIAL TYPE MAR DR ARF RF LPF
INITIAL 

SOURCE TERM

Laboratory Fire Plutonium Hydride 250 g 1.0 0.01 1.0 0.23 0.575 g

Plutonium (metal) 4.25 kg 1.0 0.0005 0.5 0.23 0.25 g

Wing Fire Plutonium Hydride 250 g 1.0 0.01 1.0 1.0 2.5 g

Plutonium (metal) 4.25 kg 1.0 0.0005 0.5 1.0 1.06 g

Plutonium-239 equivalent 
powders, solutions, solids

6.0 kg 1.0 0.006 0.01 1.0 0.36 g

TABLE  G.5.6.15–4.—Material-at-Risk (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE MAR

Laboratory Fire Plutonium Hydride 250 g

Plutonium (metal) 4.25 kg

Wing Fire Plutonium Hydride 250 g

Plutonium (metal) 4.25 kg

Plutonium-239 equivalent powders, solutions, 
solids

6.0 kg

TABLE  G.5.6.15–5.—Damage Ratio (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE DR

Laboratory Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Wing Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Plutonium-239 equivalent powders, solutions, 
solids

1.0
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TABLE  G.5.6.15–6.—Airborne Release  and Respirable Fraction
(Expanded Operations Alternative)

SCENARIO MATERIAL TYPE ARF RF

Laboratory Fire Plutonium Hydride 0.01 1.0

Plutonium (metal) 0.0005 0.5

Wing Fire Plutonium Hydride 0.01 1.0

Plutonium (metal) 0.0005 0.5

Plutonium-239 equivalent powders, solutions, 
solids

0.006 0.01

TABLE  G.5.6.15–7.—Leak Path Factor (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE LPF

Laboratory Fire Plutonium Hydride 0.23

Plutonium (metal) 0.23

Wing Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Plutonium-239 equivalent powders, solutions, 
solids

1.0

TABLE  G.5.6.15–8.—Summary of Suspension Term Calculations
(Expanded Operations Alternative)

SCENARIO
MATERIAL 

TYPE
MAR DR ARR

RELEASE 
PERIOD

RF LPF
SUSPENSION  

SOURCE TERM

Laboratory Fire Plutonium 
Hydride

249g 1.0 0.00004 24 hrs 1.0 4 x 10-9 9.5616e-10 g

Plutonium (metal) 4.25 kg 1.0 0.00004 24 1.0 4 x 10-9 1.632e-8 g

Wing Fire Plutonium 
Hydride

248 g 1.0 0.00004 24 1.0 1.0 0.24 g

Plutonium (metal) 4.25 kg 1.0 0.00004 24 1.0 1.0 4.1 g

Plutonium-239 
equivalent 
powders, 

solutions, solids

6.0 kg 1.0 0.00004 24 1.0 1.0 5.76 g
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TABLE  G.5.6.15–9.—Material-at-Risk (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE LPF

Laboratory Fire Plutonium Hydride 249 g

Plutonium (metal) 4.25 kg

Wing Fire Plutonium Hydride 248 g

Plutonium (metal) 4.25 kg

Plutonium-239 equivalent powders, solutions, 
solids

6.0 g

TABLE  G.5.6.15–10.—Damage Ratio (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE DR

Laboratory Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Wing Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Plutonium-239 equivalent powders, solutions, 
solids

1.0

TABLE  G.5.6.15–11.—Airborne Release Rate, Release Period, and Respirable Fraction
(Expanded Operations Alternative)

SCENARIO MATERIAL TYPE ARR
RELEASE 
PERIOD

RF

Laboratory Fire Plutonium Hydride 0.00004 24 hrs 1.0

Plutonium (metal) 0.00004 24 hrs. 1.0

Wing Fire Plutonium Hydride 0.00004 24 hrs. 1.0

Plutonium (metal) 0.00004 24 hrs. 1.0

Plutonium-239 equivalent powders, solutions, 
solids

0.00004 24 hrs. 1.0
G–241
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The assumption also was made that one or a few
doors would permit aerosolized material to
escape.  The area of the doors is small relative to
the volume of the building, and so there will be
a delay during which airborne material will be
depositing within the building during its transit
between the fire and the release points.  This
deposition is not accounted for in this analysis.
The amount of material available for release
also will be reduced by the foam and water used
by fire fighting crews who are supposedly
leaving doors open.  To assume that fire fighters
will have open doors requires the sensible
assumption that they also will be laying down
suppressants that reduce the initial release and
will stop all subsequent suspension. 

No Action, Expanded Operations, Reduced 
Operations, and Greener Alternatives 
Consequences for Facility Workers  

Consequences to Workers.  From one to three
workers may be present in the glovebox
operations.  These workers could be injured or
killed due to direct fire effects in a laboratory
fire, or they could be exposed to plutonium
oxide particulates by inhalation.

In the case of a wing fire, there may be several
dozen workers present in the wing.  These
workers could be injured or killed due to direct
fire effects, or could be exposed to plutonium
oxide particulates by inhalation.  Workers
elsewhere in the building could be exposed to
plutonium inhalation and skin contamination.  

Because of the long time (decades) for a
effects of plutonium inhalation to appear, the
would be no deaths from acute doses.

Consequences to the Public.  MACCS was
used to determine the doses for the integra
populations.  The source term was modeled a
30-minute elevated release.  The suspens
term was modeled as three, 8-hour, ground le
releases.  For a discussion of the MACCS co
and modeling results, please refer 
section G.2.4.

The results of this analysis for a laboratory fi
are summarized in Table G.5.6.15–13.  No ac
fatalities are predicted due to exposure 
plutonium.   If the fire remains within the
laboratory, no excess LCFs are expected fro
this accident. 

The results of this analysis for the wing fire a
summarized in Table G.5.6.15–14.  Th
consequences and risk are greater than with 
laboratory fire because of the greater invento
of material when the entire wing is considere
If the total wing material is held to 13 pound
(6.0 kilograms), the doses increase sligh
when the hydride-dehydride process 
introduced because of the pyrophoric nature
the plutonium hydride. 

The MEI doses for the Expanded Operatio
case are given in Table G.5.6.15–15.  The M
doses for the No Action Alternative would b
less because the amount of material involved
less.

TABLE  G.5.6.15–12.—Leak Path Factor (Expanded Operations Alternative)

SCENARIO MATERIAL TYPE LPF

Laboratory Fire Plutonium Hydride 4 x 10-9

Plutonium (metal) 4 x 10-9

Wing Fire Plutonium Hydride 1.0

Plutonium (metal) 1.0

Plutonium-239 equivalent powders, solutions, solids 1.0
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TABLE  G.5.6.15–13.—Summary Results for CMR Laboratory Fire, RAD–15

ALTERNATIVE
ACCIDENT 

FREQUENCY
(EVENT/YR)

INTEGRATED 
POPULATION DOSE

(PERSON-REM)

EXCESS LATENT 
FATAL CANCERS

No Action 3.6 x 10-5 4.5 0.0023

Expanded Operations No Changea 175 0.088

Reduced Operations No Changea No Changea No Changea

Greener No Changea No Changea No Changea

a No change is expected with regard to the No Action Alternative.

TABLE  G.5.6.15–14.—Summary Results for the CMR Wing Fire, RAD–15

ALTERNATIVE
ACCIDENT 

FREQUENCY
(EVENT/YR)

INTEGRATED 
POPULATION DOSE

(PERSON-REM)

EXCESS LATENT 
FATAL CANCERS

No Action 3.2 x 10-5 1,700  0.85

Expanded Operations No Changea 3,400 1.7

Reduced Operations No Changea No Changea No Changea

Greener No Changea No Changea No Changea

a No change is expected with regard to the No Action Alternative.

TABLE  G.5.6.15–15.—Predicted Mean Doses to MEIs for Scenario RAD–15
(Expanded  Operations Alternative)

MAXIMUM EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION
LABORATORY 

FIRE
WING FIRE

Closest Public Access (SA):  Diamond Road (40 m) 0.41 9.1 x 101

Nearest Residence (CMR SAR):  Los Alamos Townsite (1,000 m) 0.48 9.2 x 100

Nearest Special Population Distance:  Los Alamos Medical Center (1,100 m) 0.18 3.4 x 100

Other Nearest Residences (CMR SAR):  Royal Crest Trailer Park (1,200 m) 0.16 3.0 x 100

Special Population Distance:  San Ildefonso Pueblo (4,500 m) 0.02 3.5  x 10-1

Special Population Distance:  San Ildefonso Pueblo (18,600 m) 0.001 2.6 x 10-2

Note:  Approximated as 50 m.
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Deposition Profile.  The ground contamination
levels for the Expanded Operations Alternative
are given in Table G.5.6.15–16.  The levels for
the No Action Alternative would decrease
correspondingly to the amount of material
released for the No Action Alternative. 

After publication of the Draft LANL SWEIS,
DOE approved the CMR Basis for Interim
Operations (BIO) (LANL 1998b) on August 31,
1998.  That document includes a detailed
analysis of a similar wing-wide fire.  The CMR
BIO takes a different approach to the accident,
due to its stated need to identify the facility
systems, processes, and controls necessary to
prevent or mitigate the postulated accidents.
The CMR BIO analysis results in a similar
frequency, and MEI doses ranging from
10.8 rem to 42.8 rem, depending on the release
mechanisms.  The CMR BIO also assumes
95 percent meteorological conditions; whereas,
the SWEIS uniformly assumed mean
conditions.  Given the differing assumptions in
the scenarios, the large underlying uncertainties
in such analyses, and the difference in
meteorological modeling, these results
demonstrate good agreement.  Therefore, both
analyses provide similar results to allow for the
appropriate decision making.

G.5.6.16 RAD–16, Plutonium Release 
Due to Aircraft Crash and 
Fire at CMR

General Scenario Description

Accident Scenario RAD–16 involves the crash
of an aircraft, accompanied by a fire, at the
CMR Building, TA–3–29.  

From the analysis of the aircraft operating in the
vicinity of the CMR Building (section G.4.1.3),
single- and multiple-engine general aviation
aircraft and small military aircraft are capable of
penetrating into a wing at the CMR Building.  A
fire then starts due to ignition of the planes fuel

load and damage to a portion of the plutoniu
inventory in a wing.  Because a range 
outcomes  is possible, the damage to t
inventory is assumed to be proportional to t
size of the burn area created by the fuel spill.

No Action Alternative Frequency Analysis 

The analysis for the frequency of aircraft hittin
the CMR Building and causing a release 
hazardous material is presented 
section G.4.1.3.  The frequency for an aircra
penetration and resulting fire for the CMR
Building is 3.5 x 10-6.  The aircraft that operate
in the vicinity of LANL are predominantly
general aviation, either single- or multiple
engine aircraft, with additional small military
aircraft that make overflights in the area.  The
aircraft make up approximately 96 percent 
the aircraft that have a greater than 10-6 chance
per year of hitting and releasing material fro
the CMR Building.

It should be noted that the area of  the CM
Building was reduced from the total buildin
square footage to the combined areas of Win
3, 5, 7, and 9.  Because most of the hazard
materials are located in these areas, 
reduction in area  was deemed  reasonable
account for the frequency of actually involvin
hazardous material in an aircraft crash induc
fire.  If the entire building is used for the
calculations, the results change modestly (
about a factor of 2). 

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis 

The frequency of an aircraft crash does not va
across the alternatives.  Because no ma
changes in the location of hazardous material
their amounts are planned across alternativ
the probability of releasing  these materials fro
an aircraft crash does not change.
G–244
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TABLE  G.5.6.15–16.—Ground Contamination Levels (Expanded Operations Alternative)

RADIAL DISTANCE
PLUTONIUM-239 GROUND CONCENTRATION (BQ/m 2)

LABORATORY FIRE WING FIRE

0.0 to 1.0 km 2.0 x 103 4.0 x 104

1.0 to 2.0 km 3.8 x 102 7.5 x 103

2.0 to 3.0 km 1.9 x 102 3.7 x 103

3.0 to 4.0 km 1.2 x 102 2.2 x 103

4.0 to 8.0 km 4.7 x 101 9.2 x 102

8.0 to 12.0 km 1.9 x 101 3.7 x 102

12.0 to 20.0 km 7.5 1.5 x 102

20.0 to 30.0 km 3.0 5.8 x 101

30.0 to 40.0 km 1.7 3.3 x 101

40.0 to 60.0 km 8.2 x 10-1 1.6 x 101

60.0 to 80.0 km 4.3 x 10-1 8.5 x 100

BQ/m2 = Becquerel per square meter



LANL SWEIS

to
ed
s.
not
etc.)
is
ng
rio

n

ed

be
ed
 a
ly

nt
the
is
te
he
s

9

Uncertainties and Sensitivities Affecting the 
Frequency of RAD–16 

There is a large number of data required in order
to perform the DOE Standard 3014-96
calculations.  In addition, the standard itself
requires the use of numerous equations that are
recognized to be approximations.

No Action Alternative Source and 
Suspension Term Calculations 

Source Term.  The source term is derived from
consideration of the amount of material that can
be involved in a fire and the subsequent amount
that, through the dynamics of the accident and a
fire, can be made available for atmospheric
transport.  Because there are several types of
aircraft that contribute to the frequency term for
an aircraft crash event, the source terms for the
three most likely aircraft to impact  the CMR
Building, are listed in Table G.5.6.16–1.  

Determination of the source term follows the
standard format, as illustrated in Table
G.5.6.16–1.  The source term summary
presented in this table is explained in
subsequent sections.

The source terms are calculated by multiplying
together each of the factors in the standard
equation.  These results represent the magnitude
of the releases possible from different
categories of aircraft that operate in the vicinity
of LANL.

Material-at-Risk.  Each wing in the CMR
Building is limited to a maximum of

6.0 kilograms of equivalent plutonium-239
(LANL 1997a). The aircraft are assumed 
penetrate only one wing.  This scenario is bas
on the ability of aircraft to penetrate structure
This is assessed by determining whether or 
dense components (such as an engine shaft, 
can penetrate the building.  The fuel 
conservatively assumed to enter the buildi
through these penetrations.  Thus, this scena
is not likely  to involve more material than is i
one wing of the CMR Building.  MAR,
regardless of the aircraft category, is consider
to be the maximum inventory in a wing.  

Damage Ratio.  DR will be determined by
assessing how much of the inventory could 
affected by the fire.  To do this, a fire is assum
to start from a fuel spill that spreads across
portion of the CMR Building, and subsequent
involves the inventory of plutonium in this
portion.  The Rocky Flats Risk Assessme
Guide (RFETS 1994) was used to determine 
burn area for the amount of fuel spilled.  In th
case, the entire fuel load of the appropria
aircraft is assumed to burn.  Because t
inventories are being used in variou

TABLE  G.5.6.16–1.—Source Term for Aircraft Crash

AIRCRAFT 
CATEGORY

MAR a DR ARF RF LPF
SOURCE 
TERM a

Single-Engine 6.0 kg Pu-239 .021 0.006 0.01 1.0 0.008 g Pu-23

Multiple-Engine 6.0 kg Pu-239 .068 0.006 0.01 1.0 0.024 g Pu-239

Small Military 6.0 kg Pu-239 .298 0.006 0.01 1.0 0.11 g Pu-239

a Pu-239 refers to equivalent plutonium-239.

Material-at-Risk

Aircraft Category:
• Single-Engine

— MAR = 6.0 kg Pu-239 (equivalent)
• Multiple-Engine

— MAR = 6.0 kg Pu-239 (equivalent)
• Small Military

— MAR = 6.0 kg Pu-239 (equivalent)
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gloveboxes and laboratories throughout a wing,
the inventory is also assumed to be evenly
distributed throughout the CMR wing.  Thus,
the damage ratio for a given aircraft category
was determined to be the ratio of the burn area
to the total square footage of one wing in the
CMR Building. 

The characteristics of these aircraft categories,
as identified in the supporting documentation
for DOE Standard 3014-96, were reviewed and
the bounding fuel load was selected.  The
aircraft selected for these  categories are:  (1) the
Piper Turbo line, with a fuel load of 128 gallons
(486 liters) for the single-engine piston aircraft;
(2) the Cessna Titan line, with a fuel load of
413 gallons (1,564 liters) for the multiple-
engine piston aircraft; and (3) the F-16C, with a
fuel load of 1,801 gallons (6,819 liters) for the
small military aircraft (LLNL 1996).  (The
F-16C is typical of local military operations out
of Kirtland Air Force Base in Albuquerque,
New Mexico.)

According to the Rocky Flats Risk Assessment
Guide (RFETS 1994), the estimate for burn area
is a 250-square-foot (23-square-meter) burn
area per 50 gallons (189 liters) of fuel.   

The area of a wing, AWING, at the CMR
Building is approximately 30,250 square feet
(275 feet by 110 feet).  The burn areas identified
below represent the following percentages of
the total square footage for a wing at the CMR
Building and therefore represent an equivalent
DR for the plutonium inventory in a wing.   

Airborne Release Fraction and Respirab
Fraction.  The DOE Handbook on airborne
release fractions and respirable fractions, DO
Handbook 3010-94, presents values for AR
and RF based on the type of material, its for
and the nature of the event (e.g., fir
explosions, etc.).  The ARF and RF values a
selected for plutonium in powder form.  Thes
values represent the highest numbers for AR
and RF of the material in the CMR Building
even though not all of the material in the CM
Building is in the form of a powder.  For a fire
the recommended ARF and RF values are 0.0
and 0.01 (DOE 1994d). 

Damage Ratio

Aircraft Category:
• Single-Engine

— DR = 0.021
• Multiple-Engine

— DR = 0.068 
• Small Military

— DR = 0.298

Burn Areas

Aircraft Category:
• Single-Engine

— FLOAD = 128 gal.
— ABURN = 640 ft2

• Multiple-Engine
— FLOAD = 413 gal.
— ABURN = 2,065 ft2

• Small Military
— FLOAD = 2,802 gal.
— ABURN = 9,005 ft2

ABURN = Burn area in square feet
FLOAD = Aircraft fuel load in gallons

Burn Area Square Footage

Aircraft Category:
• Single-Engine

— % Total Footage (ABURN/AWING = 
2.1%)

— DR = 0.021
• Multiple-Engine

— % Total Footage (ABURN/AWING = 
6.8%)

— DR = 0.068
• Small Military

— % Total Footage (ABURN/AWING = 
29.8%)

— DR = 0.298
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Leak Path Factor.  Due to the nature of an
aircraft crash into a building and subsequent
fire, no credit is taken for confinement of the
material by either the structure or potential
accident debris.  The material that is in a
respirable form can then be transported through
the atmosphere.  LPF is therefore assumed to be
1.0.   

Suspension Term.  The suspension term is
derived from consideration of the amount of
material that can be further dispersed from the
site of the accident by the wind or other
disturbances.  The amount of material available
for suspension is highly dependent on accident

response and clean-up activities.  However, d
to the nature of  an aircraft accident, it 
assumed that the material at the site can 
released into the atmosphere for the ne
24 hours.

Determination of the suspension term follow
the standard format, as illustrated i
Table G.5.6.16–2.  The summary of th
suspension term, as presented in this table
explained in subsequent sections. 

The suspension terms are calculated 
multiplying each of the factors in the standa
equation together.  These results represent 
magnitude of the suspension releases poss
from  different categories of airplanes tha
operate in the vicinity of LANL. 

Material-at-Risk.  Because so little of the
material is released due to the fire, most of t
material remains at the site.  Therefor
6.0 kilograms equivalent plutonium-239 i
considered the MAR for suspension from th
release point.  

Airborne Release Fraction and Respirable 
Fraction

Aircraft Category:
• Single-Engine

— ARF = 0.006
— RF = 0.01

• Multiple-Engine
— ARF = 0.006
— RF = 0.01

• Small Military
— ARF = 0.006
— RF = 0.01

Leak Path Factor

Aircraft Category:
• Single-Engine

— LPF = 1.0
• Multiple-Engine

— LPF = 1.0

• Small Military
— LPF = 1.0

TABLE  G.5.6.16–2.—Suspension Term Calculations (No Action Alternative)

AIRCRAFT 
CATEGORY

MAR a DR ARR
RELEASE 
PERIOD

RF LPF
SUSPENSION 

TERM a

Single-Engine 6.0 kg Pu-239 0.021 4 x 10-6/hr 24 hrs 1.0 1.0 0.008 g Pu-239

Multiple-Engine 6.0 kg Pu-239 0.068 4 x 10-6/hr 24 hrs 1.0 1.0 0.024 g Pu-239

Small Military 6.0 kg Pu-239 0.298 4x10-6/hr 24 hrs 1.0 1.0 0.11 g Pu-239

a Pu-239 refers to equivalent plutonium-239.

Material-at-Risk

Aircraft Category:
• Single-Engine

— MAR = 6.0 kg Pu-239 (equivalent)
• Multiple-Engine

— MAR = 6.0 kg Pu-239 (equivalent)
• Small Military

— MAR = 6.0 kg Pu-239 (equivalent)
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Damage Ratio.  The DR is the same as the
source term release.  Material that was not
damaged by the initial event is not considered
available for suspension releases. 

Airborne Release Rate, Release Period, and
Respirable Fractions.  For the fire release, the
appropriate ARR and RF values are 4.0 x 10-6

per hour and 1.0, respectively, because it is
assumed that the source powder would be
buried under some structural debris
(DOE 1994d). The suspension is assumed to
occur for 24 hours after the initial accident.  

Leak Path Factor.  Because the material is
exposed to ambient conditions, LPF was
considered to be 1.0.  ARR accounts for any
protection of the material by the debris at the
site.  

Uncertainties and Sensitivities Affecting the 
Source Term for RAD–16  

The suspension source term calculation exten
for 24 hours.  This is very conservative in that
is likely that fire fighting and HAZMAT
response to the crash scene would 
accompanied by extensive use of water a
foam-based suppression systems.  T
application of suppressants would likel
continue for some time to preclude flareup 
the fire once it is extinguished, as well a
precisely to limit further spread of plutonium
contamination.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Source and 
Suspension Term Analysis 

The source and suspension terms do not v
across the alternatives.  Because no ma
changes in the location of hazardous material
their amounts are planned across alternativ
the source and suspension terms do not chan
The amount of material that could be involve
in the accident varies and has bee
conservatively estimated based on the wi
limits for the facility.  These wing limits do no
change across alternatives.

Consequences  for Facility Workers 

An aircraft crash is capable of killing or injuring
a large fraction of the worker population in th
impacted wing due to generation of missile
structural damage, fire, etc.  Workers in th
CMR Building who are not directly affected b

Damage Ratio

Aircraft Category:
• Single-Engine

— DR = 0.021
• Multiple-Engine

— DR = 0.068

• Small Military
— DR = 0.298

Airborne Release Rate, Release Period, and 
Respirable Fraction

Aircraft Category:
• Single-Engine

— ARR = 4 x 10-6 per hour
— Release Period = 24 hours
— RF = 1.0

• Multiple-Engine
— ARR = 4 x 10-6 per hour
— Release Period = 24 hours
— RF = 1.0

• Small Military
— ARR = 4 x 10-6 per hour
— Release Period = 24 hours
— RF = 1.0

Leak Path Factor

Aircraft Category:
• Single-Engine

— LPF = 1.0
• Multiple-Engine

— LPF = 1.0

• Small Military
— LPF = 1.0
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the crash and explosion or fire may be exposed
to radiation as a result of plutonium inhalation.

Consequences for the Public

To determine the consequences, or dose, to the
public, an average value was used, based on
frequency weighting the source and suspension
terms for each aircraft category.  The total
source term used for dose and excess LCF
calculations is 0.69 equivalent plutonium-239
(Table G.5.6.16–3).   The total suspension term
is 0.21 PE-Ci (Table G.5.6.16–4). 

MACCS was used to determine the doses for the
integrated populations.  The source term was
modeled as a 30-minute elevated release.  The
suspension term was modeled as three, 8-hour,
ground level releases.  For a discussion of the
MACCS code and modeling results, please refer
to section G.2.4.

The results for this accident are summarized in
Table G.5.6.16–5. The accident may result in
fatalities to occupant(s) of the aircraft and to
people on the ground.  However, no acute
fatalities from the release of plutonium are
predicted to result from the postulated accident.
The mean collective population dose is
projected to total 56 person-rem (TEDE),
resulting in 0.03 excess LCFs.  Mean projected
doses for MEIs (and their associated locations)
and ground contamination levels are presented
in Tables G.5.6.16–6 and G.5.6.16–7,
respectively.  

G.5.7 Facility Hazard Accidents

G.5.7.1 WORK–01, Inadvertent 
High Explosives Detonation

General Description of High Explosives 
Operations

High explosives (HE) processing facilities are
located at LANL TA–8, TA–9, TA–11, TA–16,
TA–28, and TA–37.  HE processing activities

include storage, synthesis, formulation
pressing, machining, assembly, quali
assurance processes, shipping and receiving
HE and HE devices, and disposal.  Los Alam
HE facilities were designed in accordance wi
U.S. Department of Defense (DoD
Ammunition and Explosives Safety Standard
DoD 6055.9 (now referenced in the DO
Explosives Safety Manual [DOE 1994g])
Processing equipment has been continua
upgraded and modernized. 

HE processing facilities are generally separat
from other operations and are all withi
restricted areas that require DOE badges 
access through security check stations.  Acc
to all buildings is further controlled by locks o
building entrances that require special
controlled keys.  Additionally, all HE areas ar
patrolled by protective force guards.

Operational controls and the associated level
protection are based on the explosive haza
class.  There are four hazard classes.  Haz
Class I processes involve activities that a
considered to have a high accident potential a
are designed to be conducted remotely so tha
accidental detonation vents the high pressu
and fragments via a frangible wall away from
inhabited areas.  Examples of Class I activiti
include screening, blending, pressing, d
machining, and new explosives developme
Hazard Class II activities involve a modera
accident potential; examples include weighin
some wet machining, assembly an
disassembly, and environmental testin
Hazard Class III activities are designated 
having a low accident potential and includ
storage activities and operations incidental 
storage.  Hazard Class IV consists of activiti
involving insensitive HE.  This explosive type i
so insensitive that a negligible probability exis
for accidental initiation or transition from
burning to detonation.  Selected activities usi
insensitive HE, such as machining and pressi
are conservatively designated as Class 
Explosives and personnel limits and controls a
used to minimize the quantity of explosives an
G–250
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TABLE  G.5.6.16–3.—Frequency Weighted Source Term Calculation for Fire Source Term

AIRCRAFT TYPE

FRACTIONAL 
CONTRIBUTION TO 
PERFORATION/FIRE 

FREQUENCY

INITIAL SOURCE 
TERM (GRAMS 
EQUIVALENT 

PLUTONIUM-239)

WEIGHTED INITIAL 
SOURCE TERM 

GRAMS EQUIVALENT
PLUTONIUM-239

Single-Engine Piston 0.77 0.008 0.0616

Multiple-Engine Piston 0.16 0.024 0.0038

Small Military 0.031 0.11 0.0034

TOTAL 0.961 0.69

TABLE  G.5.6.16–4.—Frequency Weighted Source Term Calculation for Fire Suspension Term

AIRCRAFT TYPE

FRACTIONAL 
CONTRIBUTION TO 
PERFORATION/FIRE 

FREQUENCY

INITIAL SOURCE 
TERM (GRAMS 
EQUIVALENT 

PLUTONIUM-Ci)

WEIGHTED INITIAL 
SOURCE TERM 

GRAMS EQUIVALENT 
PLUTONIUM-239

Single-Engine Piston 0.77 0.012 0.00924

Multiple-Engine Piston 0.16 0.039 0.00624

Small Military 0.031 0.17 0.00527

TOTAL 0.961 0.21

TABLE  G.5.6.16–5.—Summary Results for Scenario RAD–16

ALTERNATIVE
ACCIDENT 

FREQUENCY 
(EVENT/YR)

INTEGRATED 
POPULATION 

EXPOSURE 
(PERSON-REM)

EXCESS FATAL 
CANCERS

No Action 3.5 x 10-6 56 0.03

Expanded Operations 3.5 x 10-6 No Change No Change

Reduced Operations 3.5 x 10-6 No Change No Change

Greener 3.5 x 10-6 No Change No Change

Note:  No change is expected with regard to the No Action Alternative.
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TABLE  G.5.6.16–6.—Predicted Mean Doses to MEIs for Scenario RAD–16

MAXIMALLY EXPOSED INDIVIDUAL (MEI) DOSE (REM, TEDE)

MEI LOCATION DOSE

Closest Public Access (SA):  Diamond Road (40 m) 3.0

Nearest Residence (CMR SAR):  Los Alamos Townsite (1,000 m) 3.4 x 10-2

Nearest Special Population Distance:  Los Alamos Medical Center (1,100 m) 2.8 x 10-2

Other Nearest Residences (CMR SAR):  Royal Crest Trailer Park (1,200 m) 2.4 x 10-2

Special Population Distance:  San Ildefonso Pueblo (4,500 m) 4.1 x 10-3

Special Population Distance:  San Ildefonso Pueblo (18,600 m) 8.4 x 10-4

TABLE  G.5.6.16–7.—Predicted Mean Ground Contamination Levels

RADIAL DISTANCE
PLUTONIUM-239 GROUND CONCENTRATION 

(BQ/m2)

0.0 to 1.0 km 5.0 x 102

1.0 to 2.0 km 5.8 x 101

2.0 to 3.0 km 2.6 x 101

3.0 to 4.0 km 1.9 x 101

4.0 to 8.0 km 1.5 x 101

8.0 to 12.0 km 1.1 x 101

12.0 to 20.0 km 6.1 x 100

20.0 to 30.0 km 2.6 x 100

30.0 to 40.0 km 1.3 x 100

40.0 to 60.0 km 7.3 x 10-1

60.0 to 80.0 km 4.1 x 10-1

BQ/m2 = Becquerel per square meter
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the number of personnel to carry out an
operation in a safe and efficient manner.
Personnel may not work alone performing
explosives activities that have a high risk of
serious injury.  Additionally,  quantity-
separation distance criteria are used to minimize
collateral damage in the event of an accident.

General Scenario Description

Accident scenario WORK–01 involves the
inadvertent detonation of HE material.
Potential accidents involving hazardous or
radioactive material are not considered, as their
impacts are bounded by the chemical and
radiological specific accidents, which have been
already analyzed.  Based on the foregoing
operations/controls discussion, it is very
unlikely that an accident would impact workers
other than those directly involved in the
explosives activity, and it would be extremely
unlikely that any credible postulated event
would  involve the public.  The number of
individuals that may be injured or fatally
harmed for a postulated event will vary
depending on the quantity of explosives
involved and the number of workers present.  As
discussed above, operational controls limit both
parameters.  Laboratory testing of small
samples may involve only one worker, while
assembly operations (e.g., TA–16–411) may
vary from three to ten workers.  Blast effects to
individuals are summarized in Table G.5.7.1–1
and are taken from the tri-service manual on
Structures to Resist the Effects of Accidental
Explosions (U.S. Army et al. 1990).  Generally,
human tolerance to the blast output of an
explosion is relatively high, with specific
impacts dependent on the orientation of the
individual to the blast front and the shape of the
pressure front (fast or slow rise, stepped
loading).  The lungs are considered the critical
target organ in blast pressure injuries.
Considering the high level of human tolerance
to blasts and fragment operational/design
controls, it is more likely that a postulated
explosive accident will result in worker injuries
rather than fatalities.  

No Action Alternative Frequency Analysis

Walkdowns of selected HE processing facilitie
and discussions with knowledgeable facilit
personnel did not identify the occurrence of a
explosive blast accidents at LANL resulting i
injuries or fatalities.  Additionally, a search o
5 years of LANL occurrence report data (199
through 1994 Type F Reports) did not identi
any explosive blast accidents.  Site-speci
experience at Pantex results in an explos
accident frequency of 10-2 per year
(DOE 1996a).  Based on this DOE syste
experience and scaling for the level of work
activities (2,000 weapons operations annually
Pantex), an accident frequency range of 10-3 to
10-2 is estimated for the LANL No Action
Alternative.  

Expanded Operations Alternative 
Frequency Analysis

The level of HE operations activity compared 
the No Action Alternative is projected to
increase:  (1) by 40 to 100 percent fo
fabrication activities, depending on the specif
program supported; (2) by 50 percent for H

TABLE  G.5.7.1–1.—Blast Effects to Humans 
Due to Fast-Rising Air Blasts 

(3 to 5 Minutes Duration)

CRITICAL ORGAN 
OR EVENT

MAXIMUM 
EFFECTIVE 

PRESSURE (PSI)

Eardrum Rupture:
Threshold
50 percent

5
15

Lung Damage:
Threshold
50 percent

30 to 40
80 and above

Lethality:
Threshold
50 percent
Near 100 percent

100 to 120
130 to 180
200 to 250

Note:  Maximum effective pressure is the highest of 
incident pressure, incident pressure plus dynamic 
pressure, or reflected pressure.
G–253



LANL SWEIS

is
g,
 be
f
.
ng
ent

st
is
ce
d
of

f
e

ns
s
E
ed
n

ge

se
e
g
re
1

d
re
E

waste treatment, QA efforts, and receiving,
transportation, and storage; (3) by 40 percent for
facility support functions; (4) by 25 percent for
safety and mechanical testing; and (5) by
undefined increases in the remaining capability
areas  (LANL 1996b).  As a first order estimate,
it is assumed that the overall increase in the
level of HE operations corresponds to the
projected increase in HE receiving,
transportation, and storage activities.  This is
based on the observation that receiving,
transportation, and storage operations would be
expected to reflect the site-wide level of
activities in support of HE operations.
Consequently, HE handling and processing
activities are projected to increase by 50 percent
over the No Action Alternative level of effort.
This level of change in operations is within the
range of past operational activity levels.
Consequently, it is concluded that past
operational experience and the projected
accident frequency for the No Action
Alternative would be applicable.

Reduced Operations Alternative Frequency 
Analysis

The level of HE operations activity is projected
to be decreased:  (1) to 80 percent of the
No Action Alternative level of effort for the
safety/mechanical testing and quality assurance
efforts; (2) to 75 percent of the No Action
Alternative level of effort for test device
assembly, stockpile surveillance, and above
ground testing; (3) to 60 percent of the No
Action Alternative level of effort for HE
synthesis and production, HE and plastics
development and characterization, HE
receiving, transportation and storage, and
facility support; (4) to 40 percent of the No
Action Alternative level of effort for HE waste
treatment; and (5) to a much reduced level of
effort for fabrication in support of
refurbishment and weapons research and
development (LANL 1996b).  As a first order
estimate, it is assumed that the overall decrease
in the level of HE operations corresponds to the
projected decrease in HE receiving,

transportation, and storage activities.  This 
based on the observation that receivin
transportation, and storage operations would
expected to reflect the site-wide level o
activities in support of HE operations
Consequently, HE handling and processi
activities are projected to decrease to 60 perc
of the No Action Alternative level of effort.
This level of variation is within the range of pa
operational activity levels.  Consequently, it 
concluded that past operational experien
would be applicable and that the projecte
accident frequency would be at the low end 
the range for the No Action Alternative.

Greener Alternative Frequency Analysis

The level of HE operations activity for each o
the capability categories is projected to b
comparable to the Reduced Operatio
Alternative (LANL 1996b).  Consequently, a
with the Reduced Operations Alternative, H
handling and processing activities are project
to decrease to 60 percent of the No Actio
Alternative level of effort, with a projected
accident frequency at the low end of the ran
for the No Action Alternative.

Source Term Calculations

The postulated accident does not relea
hazardous or radiological material to th
environment.  Potential HE incidents involvin
either hazardous or radiological materials a
bounded by accident scenarios CHEM–0
through CHEM–06 and RAD–01 through
RAD–16.

Uncertainties and Sensitivities Affecting the 
Source Term for WORK–01

The potential for blast impacts beyon
laboratory and operations personnel a
extremely low, based on both LANL and DO
system-wide experience and controls.
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Consequences of WORK–01 for Facility 
Workers and the Public

This accident is limited to facility workers.
Access controls and operational boundaries
preclude any significant impacts to members of
the public.  Table G.5.7.1–2 summarizes the
analysis results for WORK–01.   

G.5.7.2 WORK–02, Biohazard 
Contamination of a Single 
Worker

General Scenario Description

There are three scenarios in which a LANL
worker could be exposed to a biohazard:
(1) accidental exposure to a passive or active
bacterium, fungus, virus, etc, being used in the
HRL (TA–43) for research purposes; (2) contact
with fecal material or other infected avian or
mammalian bodily fluids during field research
or monitoring and surveillance activities; or
(3) exposure of health workers to infectious
agents carried by workers visiting the clinic.  Of
these three potential exposures, the one with the
highest probability is the accidental exposure
during research and development activities
involving biohazards in HRL. 

The accident scenario WORK–02 involves the
inadvertent biohazard contamination of a single
worker during activities at TA–43–1 (HRL).
Biohazards are present or will be present at
TA–43 in passive or active states in some
research and development activities.

Biohazards may include facultative pathoge
or obligate pathogens such as Clostridium
Pseudomonas, E. coli, saccharomyces, Bacill
and (in the Expanded Operations Alternativ
Hepatitis B.

Activities involving biohazards are conducted
monitored, and regulated by the LANL
Institutional Biosafety Committee using
guidelines from the National Institutes of Healt
(NIH) and the Centers for Disease Control a
Prevention (CDC).  This work is done accordin
to Biohazard Level 2 controls; all wast
materials from culture operations are treated
kill the infectious agents prior to disposal, usin
autoclave heating or viricides/bactericide
Biohazard Level 2 equipment and engineeri
controls include limited access to work area
protective laboratory coats and gloves, a
safety cabinets or isolation enclosures for a
operations that have a high potential for creati
aerosols containing microorganism
(LANL 1996b).

Due to the proximity of HRL to the Los Alamo
County Medical Center, stringen
administrative controls are used  to contr
organisms and potentially contaminate
biohazardous waste and research materi
Specific bacteria, such as spore formers, wh
can live in encysted state for periods of tim
without nourishment or water or air, can only b
used after LANL senior management  review
and special protocols are required.  Work wi
live viral agents is prohibited except fo
engineered viral agents used as vectors 
transferring genetic material which prese

TABLE  G.5.7.1–2.—Summary Results for Scenario WORK–01

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM

No Action 0.001 to 0.01 Accidental injury or fatality from 1 to 15 operations personnel

Expanded Operations 0.001 to 0.01 Accidental injury or fatality from 1 to 15 operations personne

Reduced Operations 0.001 to 0.01 Accidental injury or fatality from 1 to 15 operations personne

Greener 0.001 to 0.01 Accidental injury or fatality from 1 to 15 operations personnel
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negligible risk of infection.  Research on HIV
and other human pathogens is limited to genome
mapping and other operations that do not
involve the original or active biological material
(LANL 1996b).

No Action Alternative Frequency Analysis

In contrast to the documented occurrence of
laboratory-acquired infections in laboratory
personnel, laboratories working with infectious
agents have not been shown to represent a threat
to the community (CDC 1993).  The primary
risks from microbiology laboratories are to
laboratory workers, and are specific to the
agent, for example (CDC 1993):

• Hepatitis B—accidental inoculation, 
exposure of broken skin or the mucous 
membranes of the eyes, nose, or mouth

• Clostridium botulinum—accidental 
inoculation; toxin may be absorbed after 
ingestion or following contact with the skin, 
eyes, or mucous membranes

• Pseudomonas—aerosol and skin exposure

The frequency of accidental infections from
biohazards is judged by DOE to be no greater
than 0.01 to 0.1 per year given the level of
research and development activities.  The
potential for nonworker exposure is at least
hundreds of times less than worker exposure
probability and is not credible within the scope
of this analysis at a probability of 10-6 per year.  

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

No significant differences in activity levels are
identified that would result in a greater risk of
accidental infection compared with the No
Action Alternative.  

Uncertainties and Sensitivities Affecting the 
Frequency of WORK–02

Hepatitis B is a new potential source of infectio
in the Expanded Operations Alternative
However, no cases of infection to laborato
workers from any agent were reported in th
review of laboratory accidents and incidents 
the 1990’s or in during several discussions w
LANL personnel at TA–43 and the institutiona
biosafety committee.  Accordingly, given th
period of time in which TA–43–1 has operate
and during which field operations have bee
conducted, the frequency estimate of 0.01 
0.1 per year is considered to bound the act
frequency.  This frequency is very conservati
based on National Cancer Institute (NCI) an
NIH statistics of research and developme
accidental biohazard infection and resultin
infection during the 1990’s, which would
estimate the frequency not to exceed 0.0
(NIH 1996).

Source Term Calculations

This accident does not release hazardo
material to the environment.  The potential f
infection of persons other than laborato
personnel is very low.  Because any su
infections would have to be first observed 
laboratory personnel, the risks are dominated
these original infections.  Infection of on
laboratory worker is the most likely outcome
multiple worker infections are less likely, an
the spread of an infection beyond laboratory 
field operations personnel is incredible (le
than 10-6).

Uncertainties and Sensitivities Affecting the 
Source Term for WORK–02

The potential for exposures beyond laborato
personnel are very low, based on both LAN
and industry-wide experience.
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Consequences of WORK–02 for Facility 
Workers and the Public

This accident affects only laboratory research
and development workers.  The potential for
public impact is judged to be nil.
Table G.5.7.2–1 summarizes the analysis
results for WORK–02.

G.5.7.3 WORK–03, Inadvertent 
Nuclear Criticality Event

General Scenario Description

WORK–03 involves an inadvertent criticality
event, the most significant impacts of which are
on workers in the immediate vicinity of the
event (due to neutron and gamma exposure).
Critical assemblies and experiments are
routinely performed at Pajarito Site (TA–18),
and were considered in RAD–03.  Outside of
TA–18, a criticality event, although unlikely in
the absolute sense, is most likely to occur at
TA–55–4 (Plutonium Facility).  At this facility,
the consideration would mainly be due to
operations with fissile material in liquid
solutions.  While fissile material is handled in
the solid form, it is considered to be much less
likely to be involved in a criticality event than a
solution (LANL 1996k). 

Criticality events are capable of producing
potentially lethal amounts of neutron and
gamma radiation in a localized area.  Depending

upon the physical form of the system, such a
solution, the event may be accompanied by t
release of plutonium through the aerosolizatio
of the solution and also may produce fissio
products that might be released to th
environment.

Historical Criticality Events

There have been several inadvertent critical
events with solutions since the 1940’s.  Some
these events are summarized 
Table G.5.7.3–1.  As demonstrated by th
table, these events occur infrequently, and ea
tends to be unique in nature, making 
quantitative frequency estimation difficult
Most recently, there were two criticality even
reported in Russia.  The first was reported to 
an excursion in a uranium solution in May 199
Later, in June of the same year, a fatality w
reported from a criticality event; however, th
one apparently involved a solid fueled critic
assembly.  Details on these two accidents 
not sufficient at this time to provide furthe
discussion of them and their potentia
implications here.

LANL SAR Evaluations of Inadvertent 
Criticality Event

The TA–55 SAR identifies a nuclear criticality
event in the uranium/plutonium separation
process as a bounding event.  The evaluatio
essentially generic, applying to all deep-we

TABLE  G.5.7.2–1.—Summary Results for Scenario WORK–02

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM

No Action 0.01 to 0.1 Accidental exposure of one laboratory worker  resulting in 
diagnosed infection.  No public impact.

Expanded Operations 0.01 to 0.1 Accidental exposure of one laboratory worker  resulting 
diagnosed infection.  No public impact.

Reduced Operations 0.01 to 0.1 Accidental exposure of one laboratory worker  resulting i
diagnosed infection.  No public impact.

Greener 0.01 to 0.1 Accidental exposure of one laboratory worker  resulting in
diagnosed infection.  No public impact.
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TABLE  G.5.7.3–1.—Summary of Inadvertent Solution Criticality Events
(1945 to the Present)

DATE LOCATION
FISSIONABLE 

MATERIAL
PHYSICAL 

ARRANGEMENT

TOTAL 
FISSION 
YIELD

DESCRIPTION AND 
CONSEQUENCES

53/03/15 Mayak, Urals 
(Russia)

Plutonium 
solution (31 l)

Steel vessel 2.5 x 1017 Human error (chief operator 
transferred solutions from 
two vessels into a single 

vessel); chief received 1,000 
rad and another operator 

received 100 rad

54/05/26 Oak Ridge Uranium solution 
(18.3 kg 

Uranium-235, 
55.4 l of solution)

Cylindrical annulus, 
unreflected

1 x 1017 Shift of poison; no physical 
damage

56/02/01 Oak Ridge Uranium solution 
(27.7 kg 

Uranium-235, 
58.9 l of solution)

Cylinder, unreflected 1.6 x 1017 Geometry change; warping 
of bottom of cylinder

57/04/12 Mayak, Urals 
(Russia)

Uranium solution Cylinder 2 x 1017 Human error (leading to 
oxalate precipitation); lethal 

to operator, five others 
developed symptoms of 

radiation sickness

58/01/02 Mayak, Urals 
(Russia)

Uranium solution Tank with control 
rod

2.3 x 1017 Human error (staff decided to 
tip tank to speed up draining 
of solution, in violation of 

procedures), bodies acted as 
reflector; 3 deaths, fourth 

operator developed radiation 
sickness and lost sight

58/06/16 Oak Ridge Uranium solution 
(2.5 kg Uranium-

235, 56 l of 
solution)

Cylinder, concrete 
reflected below

1 x 1016 Valve leaked or left open; no 
physical damage; $1,000 loss

58/12/30 Los Alamos Plutonium 
solution (3.27 kg 
Plutonium, 168 l 

of solution)

Cylinder, water 
reflected below

1.5 x 1017 Human error (failure to 
follow procedure); lethal to 

operator; no physical damage

59/10/16 Idaho Falls Uranium solution 
(34.5 kg 

Uranium-235, 
800 l of solution)

Cylinder, concrete 
reflected below

1 x 1017 Sparge gage plugged; no 
physical damage; $62,000 

loss
G–258



Accident Analysis
60/12/05 Mayak, Urals 
(Russia)

Plutonium 
solution

Cylinder, 
unfavorable 
geometry

1 x 1017 Human error (failure to check 
results after mass 

discrepancy discovered; 
transfer of solution to 

unfavorable geometry); 
several people exposed to up 

to 5 rad

61/01/25 Idaho Falls Uranium solution 
(8 kg Uranium-

235, 40 l of 
solution)

Cylinder 6 x 1017 Human error (instruction 
misinterpreted); no physical 

damage; $1,000 loss

61/08/14 Siberian 
Chemical 
Combine 
(Russia)

Uranium 
hexafluoride 

accumulated in 
oil

Cylinder 1 x 1016 Human error (assumed first 
criticality alarm was false, 
restarted facility); operator 

received 200 rad

62/09/07 Mayak, Urals 
(Russia)

Plutonium 
solution, 

dissolution of 
Plutonium scrap 

in nitric acid; 
1.2 kg Plutonium

Cylinder 2 x 1017 Settling of solution after 
stirrer turned off; doses low 
due to no one near dissolver 

and lead shielding on 
dissolver

63/01/30 Siberian 
Chemical 
Combine 
(Russia)

Uranium solution Cylinder 7.9 x 1017 Human error (poor record 
keeping, mislabeling of 

uranium concentration); four 
persons received 6 to 17 rad 
at a distance of 10 meters

63/12/13 Siberian 
Chemical 
Combine 
(Russia)

Uranium solution Cylinder, 
hemispherical 

bottom

2 x 1017 Accumulation of uranium 
solution in trap; no injuries

64/07/24 Wood River 
Junction

Uranium solution 
(2.64 kg 

Uranium-235)

Cylinder, unreflected 1.1 x 1017 Human error (failure to 
follow procedure); lethal to 

operator; no physical damage

65/12/16 Mayak, Urals 
(Russia)

Uranium solution Cylinder 7 x 1017 Human error (excess loading 
of uranium into solution, 

cessation of stirring); several 
staff exposed up to 30 mR

70/08/24 Windscale 
(U.K.)

Plutonium 
complex (2.5 kg 
Plutonium, 100 l 

of solution)

Cylinder 1 x 1015 Plutonium accumulated in 
organic; no physical damage

Source:  DOE 1994b unless otherwise noted.

TABLE  G.5.7.3–1.—Summary of Inadvertent Solution Criticality Events
(1945 to the Present)-Continued

DATE LOCATION
FISSIONABLE 

MATERIAL
PHYSICAL 

ARRANGEMENT

TOTAL 
FISSION 
YIELD

DESCRIPTION AND 
CONSEQUENCES
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wet chemistry operations.  The accident
assumes that as a result of multiple overbatching
errors, the fissile material inventory for a
glovebox substantially exceeds the allowable
limit.  A vessel overpressure or some other
mechanism results in the rupture of adjacent
vessels containing rich solution.  The solution
collects in a deep well, followed by a separate
influx of water (failure of a water line), resulting
in a single-pulse solution criticality event
yielding 5 x 1017 fissions.  The resulting fission
products and plutonium aerosol are processed
through the ventilation system and released
from the south exhaust stack (LANL 1996k).
Based on a PRA, the TA–55 SAR estimates the
frequency of a solution criticality event at
6 x 10-7 per year per operation (LANL 1996k).
Because there are hundreds of operations, the
cumulative frequency of a criticality accident in
TA–55–4 is estimated to be in the range from
10-6 to 10-4 per year (LANL 1996k). 

The TA–55–4 SAR includes exposure analyses
for the maximum off-site individual (MOI) at
Royal Crest Trailer Park, 2,952 feet
(900 meters) away, for an unmitigated scenario
(no HEPA filtration, LPF = 1) and for a realistic
scenario (with HEPA filtration).  The
unmitigated MOI dose is 1.6 rem; whereas, the
realistic MOI dose is 35 millirem.  Regarding
consequences to workers, the SAR states that
anyone within 16 feet (4.9 meters) of the
criticality location would receive more than
500 rem.  The dose at 33 feet (10 meters) drops
to 80 rem.  The number of people in the room
varies with the work being done, but is most
likely to be two or three people (LANL 1996k).  

No Action Alternative Frequency Analysis

Consistent with the TA–55 SAR analyses,
which account for LANL-specific design and
operational practices, the frequency of an
accidental critical excursion is estimated to be
no greater than 10-6 per operation; but,
considering that there are hundreds of
operations per year, the frequency of accidental

criticality is likely to be in the range of 10-6 to
10-4 per year.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

Although there is an increase in activitie
involving fissile materials in the Expande
Operations Alternative (as a result of p
production), most of these activities involv
solid systems that do not contribut
significantly to criticality accident frequency
Other alternatives do not vary significantly i
the level of activities that are most likely to giv
rise to inadvertent criticality events
Accordingly, no difference in frequency is
identified across the alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of WORK–03

Historical experience has demonstrated th
criticality accidents are unpredictable, uniqu
events that do not lend themselves to 
straightforward frequency determination
Accordingly, this analysis only attempts t
establish a range, rather than an individu
value, for the frequency.

Source Term Calculations

Given the low MOI exposure estimates in th
TA–55–4 SAR (doses to the MOI of less tha
50 millirem), no public exposure estimates w
be performed for this accident because it wou
screen as insignificant based on the SWE
accident analysis screening methods (off-s
exposure of less than 500 millirem). 

Consequences of WORK–03 for Facility 
Workers and the Public

The consequences to the public fro
WORK–03 are insignificant. Workers locate
close to the site of the criticality event (i.e
within 30 feet [9.2 meters]) can receive doses
neutron and gamma radiation on the order 
G–260
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500 rem or higher.  Acute radiation injuries and
deaths are possible within this radius.  Workers
located elsewhere in the facility could be
exposed to volatile fission products (noble
gases, radioiodines, etc.) that evolve from the
solution criticality accidents.  This is the same
for all options.  Table G.5.7.3–2 summarizes the
analysis results for WORK–03. 

G.5.7.4 WORK–04, Inadvertent 
Worker Exposure to 
Electromagnetic Radiation

General Scenario Description

Accident scenario WORK–04 involves the
inadvertent exposure of one or more workers to
electromagnetic radiation.  Used in this context,
electromagnetic radiation refers to exposure to
x-rays, accelerator beams, lasers, or radio
frequency (RF) sources.  Such radiation sources
are used widely in various facilities at LANL,
especially lasers.  

No Action Alternative Frequency Analysis

The WORK–04 accident scenario is meant to
represent a class of accidents involving
inadvertent exposure of workers to the types of
sources described above.  Accordingly, there is
no unique sequence of events that can be
analyzed for frequency and conditional
probability.  However, these accidents typically
involve a failure of an interlock device and/or
the failure of the workers to follow procedures

and/or observe precautions that could ha
prevented the exposure.

Events involving electromagnetic radiatio
sources that occur more often than once 
10 years (and that have a frequency abo
0.1 per year) are accounted for and discuss
under the subject of nonionizing radiatio
elsewhere in the SWEIS.  Due to the larg
number of sources of electromagnetic radiati
in use at a broad range of facilities at LANL, 
is concluded that, in sum, the frequency 
accidents resulting in worker injury or fatality i
unlikely to be less than 1 in 100 per year (i.e.
frequency of less than 0.01 per year).  Th
places bounds of 0.01 to 0.1 per year for t
WORK–04 accident.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analysis

No significant differences in activity levels ar
identified that would result in a greater risk o
accidental exposure of workers t
electromagnetic radiation compared with the N
Action Alternative.  Thus, no difference in
frequency is identified across the alternatives

Uncertainties and Sensitivities Affecting the 
Frequency of WORK–04

Uncertainties are not considered to substantia
influence the estimated frequency range for th
accident due to the large number of potent
sources to which workers could be expose

TABLE  G.5.7.3–2.—Summary Results for Scenario WORK–03

ALTERNATIVE
ACCIDENT 

FREQUENCY
SOURCE TERM AND CONSEQUENCES

No Action 10-6 to 10-4/year Fatalities to nearby workers.  No consequences to the public

Expanded Operations 10-6 to 10-4/year Fatalities to nearby workers.  No consequences to the public

Reduced Operations 10-6 to 10-4/year Fatalities to nearby workers.  No consequences to the public

Greener 10-6 to 10-4/year Fatalities to nearby workers.  No consequences to the public
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Administrative controls enforced by LANL
management are similar across LANL and
should not be associated with significant
variation in risk from facility to facility.

Source Term Calculations

This accident does not release hazardous
material to the environment; hence, no source
term calculations are required.

Uncertainties and Sensitivities Affecting the 
Source Term for WORK–04

This issue is not applicable to WORK–04
because no source terms are calculated.

Consequences of WORK–04 for Facility 
Workers and the Public

Due to the nature of facility designs and the
nature of the hazards involved, no public impact
is expected.  Worker consequences could range
from minor injuries to major eye injuries, and
could include fatalities under some
circumstances.  The number of workers injured
or killed by any given accident would be
expected to be small (typically one) because it is
unlikely that a group of workers would all
violate administrative controls and have this
violation result in injury or fatality.  This is not
to say that this never happens, because it does;
but by far and away the most likely outcome is
a single worker being affected by any one event.
Table G.5.7.4–1 summarizes the analysis results
for WORK–04.  

G.5.7.5 Work–05, Plutonium 
Release from Degraded 
Vault Storage Container at 
TA–55–4

General Scenario Description

TA–55, the Plutonium Facility at LANL,
handles containers of plutonium as part of da
to-day operations.   Among the current activitie
at TA–55 is the repackaging of material store
in vault rooms in the facility’s basement.  Th
plutonium in these containers is bein
repackaged due to the degraded nature of so
of the containers.  The repackaging activity 
part of a program to implement the DNFS
Recommendation 90-4.

In order to repackage the plutonium, th
containers must be retrieved, the plutoniu
taken out, and the material repackaged.  Wh
handling the container, there is the possibility 
the container being dropped and some portion
the contents being spilled.  If this accide
occurs while the building HEPA filters and
HVAC systems are operating, very little of th
plutonium can escape the facility.  Thus, th
accident presents the frequency for dropping
degraded container and qualitatively evaluat
the exposure of facility workers to this
plutonium spill.

The impacts to the public from this type o
accident was presented in section G.5.6.1
This discussion presents the frequency for t
drop of the container and the exposure 

TABLE  G.5.7.4–1.—Summary Results for Scenario WORK–04

ALTERNATIVE ACCIDENT FREQUENCY CONSEQUENCES

No Action 0.01 to 0.1/year Typically one worker injury or fatality; small likelihood 
of two or more workers being simultaneously affected.

Expanded Operations 0.01 to 0.1/year Same as No Action Alternative.

Reduced Operations 0.01 to 0.1/year Same as No Action Alternative.

Greener 0.01 to 0.1/year Same as No Action Alternative.
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workers within the facility only.  The public
impacts were discussed previously.

For the contents of a container to be spilled, the
containers must be corroded or have some other
physical damage.  LANL has currently retrieved
about 1,450 containers and found, through
visual inspection,  361 containers to have some
defect.  Of these 361 containers, 82 have lost
outer containment, or approximately 5.5 percent
have outer containment failure.  The rate of
inner containment failure is estimated to be
2 percent.  To have a release of material, a
container would have to have both its outer and
inner container fail during a drop.  The contents
would then have to be spilled.  For this accident,
the frequency is therefore dependent on
dropping a container that has sufficient damage,
such as loss of containment, in order to spill the
material. 

Once the containers are repackaged, risk will be
reduced because of upgrades to the containers
and the required stability of the material inside.

For further information, DOE Standard 3013-96
(DOE 1996e) addresses the requirements for
containers for long-term (at least 50 years)
storage of plutonium.  To meet the standard,
plutonium-bearing materials must be in stable
forms and packaged in containers designed to
maintain their integrity under both normal
storage conditions and anticipated handling
accidents for at least 50 years (DOE 1996e).
The standard applies to metal, oxide, and alloys
containing at least 50 percent plutonium by
mass, and containing less than 3 percent
plutonium-238 by mass (DOE 1996e).  The
quantity of metal per container should be as
close as practical to, but not exceed, 9.68
pounds (4.40 kilograms).  Stored metal pieces
are required to have thicknesses greater than
0.04 inches (1.0 millimeters) and have specific
surface areas less than 71 inches/2 pounds
(1 centimeter/2 grams) to reduce potential
pyrophoric tendencies (DOE 1996e).  The
quantity of oxide by container should be as close
as practical to, but not exceed, 10.97 pounds

(5.00 kilograms), representing the plutoniu
dioxide equivalent of 9.68 pound
(4.40 kilograms) of plutonium metal.  The
oxides are required to be thermally stabilize
with less than 0.5 percent mass loss-on-igniti
(DOE 1996e).  The containers are required 
include a minimum of two nested, seale
containers, and have at least one container t
remains leak tight after a free drop from 
30-foot (9-meter) height into a flat, essential
unyielding, horizontal surface (DOE 1996e
The containers are required to have a cylindric
geometry not exceeding 4.9 inche
(12.5 centimeters) outside diameter or 10 inch
(25.4 centimeters) external heigh
(DOE 1996e).  Although the risk will be
reduced once the plutonium is repackaged, n
risk numbers are not calculated.  These numb
are considered representative of the type 
worker risk that exists when handling plutonium
in LANL nuclear facilities.  

No Action Alternative Frequency Analysis

Table G.5.7.5–1 summarizes the frequen
analysis for a container drop in TA–55
Because there are two types of containers, 
frequency for dropping each container 
presented.  The terms for the equation a
explained in subsequent section
Table G.5.7.5–2 presents the number 
container handling operations.

For the purposes of this analysis, the contain
are being tracked as two types of containe
Most containers are doubly contained drum
(i.e., drums that have an inner and out
container, and are hermetically sealed).  T
other type has various names such as food p
cans, or dressing jars.  These names w
derived from their general appearance 
distinguish one container over anothe
However, these cans would sustain simil
damage when dropped.  The drums would ha
a different failure rate than the metal cans wh
dropped, so the containers are being tracked
two separate types.
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Because the repackaging effort will take
approximately 6 years, the repackaging rate was
estimated to be 17 percent of the total containers
each year.

Each container will be handled once before
being placed into a DOE Standard 3013-96
container.  Although the entire repackaging
process may have additional steps, this is the
activity where the material is most likely to be
spilled and have worker exposure.  Thus, the
number of degraded container handling
operations is 972 drum operations and 228
metal can operations for a total of 1,200
handling operations of degraded containers per
year.

Generally, dropping a container does not
involve equipment failure, but rather, errors in
setting up the equipment properly.  This failure
is similar to that of checking the status of
equipment, if the status of the equipment affects
one’s safety when performing the task
(Swain and Guttmann 1983).  As shown in
Table G.5.7.5–3, the probability of dropping a

container, for either type, is therefore estimat
to be 0.001. 

In order for a container drop to result in 
material spill and exposure to workers, 
degraded container must be dropped.  F
drums, the probability of this occurring i
assumed to be directly proportional to th
number of drums that have both the inner a
outer containers damaged.  From existin
inspections of containers, about 5.5 perce
have outer containment failure, and abo
2 percent have inner containment failure
Given that the inner containment failure is n
linked to outer containment failure, th
probability of both of these conditions existin

TABLE  G.5.7.5–1.—Frequency Analysis for a Container Drop in TA–55

SCENARIO

NUMBER OF 
CONTAINERS 

HANDLED 
PER YEAR

HEP FOR 
CONTAINER 

DROP

PROBABILITY 
OF 

DEGRADED 
INNER 

CONTAINER

PROBABILITY 
OF 

DEGRADED 
OUTER 

CONTAINER

FREQUENCY OF 
CONTAINER 
DROP AND 

SPILL (SPILL 
PER YEAR)

Drums 972 0.001 0.055 0.02 0.0011

Nonhermetically 
Sealed Containers

228 0.001 1.0 1.0 0.23

TABLE  G.5.7.5–2.—Number of Container Handling Operations

CONTAINER 
TYPE

TOTAL 
NUMBER OF 

CONTAINERS

PERCENTAGE OF 
CONTAINERS 

REPACKAGED PER YEAR

NUMBER OF 
HANDLING 

OPERATIONS TO 
REPACKAGE

HANDLING 
OPERATIONS 

PER YEAR

Drums 5,830 17 1 972

Metal Cans 1,370 17 1 228

TABLE  G.5.7.5–3.—Human Error 
Probability (HEP), Container Drop

SCENARIO HEP, CONTAINER DROP

Drums 0.001

Metal Cans 0.001
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is about 0.11 percent (as shown in
Table G.5.7.5–4). 

For the metal cans, the probability of these
containers failing is assumed to be 1.0.  These
containers were used to pack plutonium metal
(LANL 1996k). Although some of these
containers had inner and outer containers, they
lacked a hermetic seal.  Without the hermetic
seal, the metal could be oxidized.  Also, the
inner container was often placed in a plastic bag
and then placed inside the outer container.
Normally, degradation of the plastic bags was
not a problem because the plutonium metal was
not stored in them for long periods of time.
However, because the plastic bags decompose
into various organic compounds through alpha-
particle-induced decomposition and can cause
the metal and containers to corrode, the
plutonium metal must be repackaged.  For these
reasons, the conservative assumption was made
that if a container is dropped then the material is
spilled, therefore, by definition, the container is
a degraded container.

For workers, the rate of plutonium exposure
from these types of accidents is about 1 in
5 years.

Expanded Operations, Reduced Operations, 
and Greener Alternatives Frequency 
Analyses

The same type of activities will be conducted for
each of the alternatives.  Because no appreciable
changes in these activity levels are anticipated
for the various alternatives, the results of the
frequency analysis for the No Action

Alternative remains the same for thes
alternatives.

Uncertainties and Sensitivities Affecting the 
Frequency of WORK–05

The assumption that the “metal can” containe
will spill material if dropped is considered 
conservative assumption for this analysis.

Source Term Calculations

If the entire contents of the package was spille
the amount of material that could be inhaled
2.7 grams of plutonium (see section G.5.6.1
Source Term).  It is not likely that a worke
would inhale this much plutonium.  The worke
has personnel protective equipment that wou
be used in response to the accident.  Alar
would also sound if plutonium became airborn
as part of the accident and limit the exposure
other workers in the area. 

Expanded Operations, Reduced Operations, 
and Greener Alternatives Source Term 
Analyses

Because the MAR is associated with a
individual container-handling operation an
LANL will continue to perform these types o
activities in order to carry out any assigne
mission, the source term would not change.

Worker Consequences

Significant but nonlethal doses are possible 
the workers handling the plutonium.  An
adverse impacts would be mitigated by prom
use of protective equipment and/or prom

TABLE  G.5.7.5–4.—Probability of Dropping a Degraded Container

SCENARIO
PROBABILITY OF 

INNER CONTAINMENT 
FAILURE

PROBABILITY OF OUTER 
CONTAINMENT FAILURE

PROBABILITY OF 
HANDLING A DEGRADED 

CONTAINER

Drums 0.02 0.55 0.0011

Metal Cans 1.0 1.0 1.0
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exiting of the immediate vicinity for those not
involved in clean-up activities.  Table G.5.7.5–5
summarizes the analysis results for WORK–05.

G.6 UNCERTAINTIES  AND 
SENSITIVITIES

In principle, one could estimate the uncertainty
associated with each step of the analysis for
each accident scenario, and predict the
uncertainty in the results (frequency, source
term, consequences, risk, etc.).  However,
conducting such a full-scale quantitative
uncertainty analysis is neither practical nor a
standard practice for a study of this type.
Instead, the analysis is intended to ensure,
through judicious selection of release scenarios,
models, and parameters that the results
represent and bound the actual risks.

This is accomplished by making assumptions at
each step of the calculations.  The models,

model parameters, and release scenarios 
selected in such a way that most intermedia
results and the final estimate of impacts a
greater than what would be expected should 
events actually occur.  As a result, even thou
the range of uncertainty in a quantity might b
large, the values selected for quantification a
conservative, so the chance that the act
quantity will be greater than the calculated val
is low.

The approach taken for quantification o
accident risks is such that most of th
uncertainty in the results lies on the downside
the values presented.  That is, there is a sm
chance that the actual value lies above tho
presented, but a very large chance that the ac
value lies below those presented in th
appendix and in chapter 5 of volume I.

TABLE  G.5.7.5–5.—Summary Results for Scenario WORK–05

ALTERNATIVE
ACCIDENT 

FREQUENCY
WORKER CONSEQUENCES

No Action 0.23 Plutonium exposure to one or two workers.  Adverse exposure 
limited by use of personnel protective equipment.

Expanded Operations No Change No Change

Reduced Operations No Change No Change

Greener No Change No Change
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